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Executive Summary

Water vapor, carbon dioxide, methane, nitrous oxide, and chlorofluorocarbons
are among the atmospheric constituents known as greenhouse gases. Greenhouse
gases allow short wave radiation from the sun to reach the planet but long-wave
back-radiation cannot leave the atmosphere, thus adding heat energy into the earth-
atmosphere system. The resulting energy balance allows a portion of the solar
radiation to remain trapped within the earth-atmosphere system - "a greenhouse”.
Human activities could be impinging on natural climate systems. Buildup of gases
in the atmosphere, caused primariiy by burning fuels for energy, may lead to global
changes in climate. A changing climate could have a major impact on Iowa's
agriculture, as well as water supply and energy demand.

To further the study of greenhouse gas emissions emanating from the states,
the U.5. Environmental Protection Agency developed a program, the Global
Climate Change Qutreach Program, which provides funds for conducting a three-
phase approach to reducing greenhouse gas emissions. Phase I is the standardized
baseline inventory of greenhouse gas emissions. Phase II is the development of a
state action plan for greenhouse gas emissions reduction. This Iowa Greenhouse
Gas Action Plan represents lowa's Phase II effort. Phase III involves evaiuation and
documentation of the emission reduction strategies from Phase IL

The Iowa Greenhouse Gas Action Plan provides a strategy for investment in
the Towa economy while mitigating current and future greenhouse gas emussions.
The Towa Greenhouse Gas Action Plan contains options that can sirengthen lowa’s
economy by diversifying agricultural producuon, raising new energy crops,
increasing sales of energy efficient appliances, generating renewable fuels, and
increasing competitiveness in manufacturing. Investment in energy efficiency and
renewable resources produces posidve economuc results and reducas greenhouse gas
emissions. Resources committed to protecting lowa's environment from
greenhouse gases shouid not be viewed as a cost, but as an investment that has
current and future economic development benefits.

Iowa is the fifteenth highest emitter in the US. for greenhouse gases per capita
(see Summary Tables in Appendix C}. Considering all sectors of the economy, lowa
emits 29 tons of carbon dioxide per person annually. Iowa can save money and
limit pollution by increased emergy efficiency and decreased carbon dioxide
emissions. In the absence of an lowa Greenhouse Gas Action Plan, baseline
emissions are projected to.increase 18.3 percant between 1990 and 2010. The U.S.
goal is to decrease greenhcuse gas emissions to 1990 levels by 2000, and to
accomplish further reducdons by 2012, Implementation of the Priority Options in
this Action Plan will ensure that lowz meets the goal of reducing its carbon dioxide
emissions to 1990 levels by 2000. Eighty-seven million tons of carbon dioxide
(equivalents) per vear would be reduced to 84 million tons per year by the Priority
Opticns in the Towa Greenhouse Gas Aczon FPlan by 2010.
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The Iowa Greenhouse Gas Action Plan is built on 2 combination of energy
efficiency programs and renewable energy initiatives, It discusses a total of 34
options for reduction of greenhouse gas emissions (carbon dioxide, methane, and
nitrous oxide), of which 16 are selected as the most cdst-effective and easily
achievable. While reduction of greenhouse gas emissions is a difficult task, this
plan discusses policy options that may be pursued to assist the state in making those
reductions possible, with a positive {mpact on lowa's economy and environment.

summary Table A lists the policy options recommended in the Iowa Greenhouse
Gas Action Plan.

Towa has the potential to benefit greatly from energy savings and from limiting
greenhouse gases through the implementation of the priority options.
Implementing the priority options identified in this Plan could save the state up to
$300 million annually from reduced energy costs, with an additional environmental
savings of $32 million annually from avoided emissions,
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SUMMARY TABLE A
Priority Optons and Maximum Feasible Reductions in
Iowa Greenhouse Gas Acton Plan , |
in the Year 2010 from 1990 Baseline Year

Priority”
Recommended Options o Reduce Reduction (CO5 Maximum”
Sector Greenhouse Cas Emissions in lowa reductons million Feasible
tons fvear) Reduction
Apricultural 1) Reforestation of Marginal Lands g 27 13.5
{riparian zones, native tree plantings).
2) Production of energy crops (Switchgrass 0.09 0.26
and poplars).
3) Reduction of nitrogen fertilizer 0.4 .4
appiications
4) Reclamation of methane gas at large 0.1 0.7
hog lots {over 5,000 head)
5) Contnued improvement of farm 0.1 0.1
efficiency
Transportanon 1} Improve vehicle fieet efficiency 2.9 4.1
{revenue neutral fee/rebate)
2} Discourage single occupancy trins 0.18 (1.36
Utility 1y Carbon Dioxide Emissions Inventory 1.4 2.1
2) Wind Power Development (105 mul by 2590 0.28 0.56
3) Demand Side Management (voluntary) 0.2 1.0
4} Emissions Trading (market based) 1.0 3.3
Commercal / 1} State (lowa Energy Bank, Rebuild 0.08 8.2
Industrial lowa, Total Assessment Audit, Climate
' Wise) Voluntary Programs
2} Federal Voluntary Programs (in concert 2.1 2
with state programs)
3} Emissions Trading (market based) 2.8 34
4} Carbon Dioxide Emussions Inventory L4 2.0
Eesidential 1} State anc Federal Voluntarv Programs da¥ L3
TOTAL 15 37

The difference between Priority Options and Maximum Feasible Reducion Optons is in the extent of
implementation. For eaxample. in the Pronty Uption for Reforestaton, 200,000 acres would be

BN S

replanted; ior the Maximum Fezsibie Cpuion, 1,000,000 acres would be replanted.
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The Science of Climate Change

The increase in "greenhouse gasas’ in the atmosphere has led to concern
regarding the potential for global warming and climate change. The effect is
analogous to rolling up the windows of your car on 2 bright summer day. Short
wave solar energy can pass the windows striking the interior surfaces of the car. But
long-wave radiation cannot escape back through the windows, and the temperat*ure
of the car heats up. Greenhouse gases also absorb long-wave radiation, and they are
increasing in the atmosphere (Tzble 1), but it is not certain whether climate has been
affected.

The vast majority (~98%) of earth's greenhouse effect is natural, caused by
water vapor and carbon dioxide. Without these gases, earth would be so cold as to
be uninhabitable, 33°C (5%°F) cooler than it is presently. The annual giobal mean
surface temperature of earth is 15°C (539°F), and the global temperature in the
absence of natural greenhouse gases would be a frigid -18'C (0°F). The "greenhouse
effect” is natural and it is beneficial to life on Earth.

Concern arises because anthropogenic greenhouse gases are increasing
including carbon dioxide, methane, chlor u::ucrccarbuns and nitrous oxide. These
greenhouse gases have the potential to change climate if left unabated. Molecules
with more than two atoms (like the windows of the car) absorb long-wave radiation,
and when they do, the earth's surface warms. The relative e*fef‘tweneﬁ of each of
the gases is not equal. Table 1 shows that methane (CH;) is 22 tmes more potent
and nitrous oxide is 270 times more potent as a greenhouse gas than carbon dioxide

on a molecular basis.

Greenhouse gas concencztions are ingreasing in the atmesphere due to
increases in glﬂbal population an capita consumption. Carbon dioxide {CO5}
from fossil fuel emissions 15 incre at % per year (Figure 1). A little more
than half of the anthropogenic {(human caused) greerthouse gas effect is due to
carbon dioxide (Table 1), Mathane (CH,) concentrations in the atmosphere, another
potent greennouse gas, are increasing at ~0.7% per year, primarily due to flooded rice
producton and animal husbandry r:c_ui:ed to feed an E*c::rﬂndmg population (Figure
2]1 The raie of increase in mechane concentrations is beginning to decline, perhaps
because leaks at natural gas pipelines ! ==n conzolled.
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TABLE 1
Summary of Major Anthropogenic Greenhouse Gases

ppmyv “(eenhouse %/yr Rate Half-lifa Relative Gresnhouse Effect
Gas Conceniration Contribution of Increase yrs _perkg per mole
O, 360 55-60 0.4-0.5 150 1 1
CH, 1.7 15-20 0.7-0.9 7-10 62 2
N,O 0.31 5 0.2 150 270 270

“concentrations are on a volumetne basis (mixing ratios)
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Figure 1. Trend of carbon dioxide concentration at two stations in the northern
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Figure 2. Trend of methane concentrations at two stations in the northern
hemisphere, Mauna Loa, Hawail, and the southern hemisphere at Cape Grim,

showing the exponential increase of methane at 0.9% per year (but concentrations
appear to be leveing off.

Another greenhouse gas, nitrous oxide (N;O) is the result of increasing fossil
fuel emissions, siash burning of forests, and nitrogen ferulizer applications
worldwide. As ammonia-nitrogen is oxidized In the soil and nifrate fertilizer is
denitrified, nitrous oxide represants a *:‘e:’*ual of intermediate oxidation state
which is volatilized to the atmosphere. Figure 3 shows that N,O is increasing
rapidly in the atmosphere and, even (hough it is only ~3% of the anthropogenic
greenhouse gas effect, it will be a difficult gas to control. Ferdlizer appiications of
ammonia, ammonium nitrate, and eammonium sulfate ars likely to increase

worldwide to feed the expanding worid populaion. "
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Figure 3. Trend of nitrous oxide concentrations at two stations in the northern and
the southern hemisphere, showing the exponential increase of N-Q at 0.25% per

year.
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Carbon dioxide has increased 27% from 280 ppm in 1765 to 360 ppmin 1995. A
total surface energy change of 2.5 watts/m- is attributed to anthropogenic
greenhouse gases to date. To put the number into perspective, a standard Christmas
tree light bulb puts out ~4 watts of energy, so if there was one additional light bulb of
this kind shining continually on every square meter of earth’s surface, it would
result in a climate forcing of 4 watts/m*. This climate forcing is small relative to the
total input of energy from the sun (the solar irradiance or solar constant) of 1372
watts/m®. The solar constant is not constant — it varies with sunspot activities and
other factors (£0.1%), and it mav have increased stightly in recent times. Also,
humans have put more sulfur dioxide into the atmosphere (from coal and oil
combustion) which results in the formation of sulfate aerosols and brighter clouds
(albedo increases) that causes “global cooling”. This cooling effect is somewhat less
than the calculated warming effect due to gresnhouse gases. However, there is
considerable uncertainty in all of these effects, and they are estimated by use of
global dynamic models, General Circulation Models or GCMs.




The earth is currently in a relatively warm climate period. The global average
surface temperature of the earth is ~0.6°C (1.1°F) warmer than the earliest period of
record, 1860. But this temperature change is still within the interannual variability
of temperature (+0.7°C) due to large scale circulation patterns.(e.g., El Nino
Southern Oscillation events) that we do not fully understand. Eight out of nine of
the warmest vears on record have occurred since 1980 (1980-1993) in a 133-year
period. Last year, 1995, was the warmest year on record and 1990 and 1991 were close
ceconds. 1992 and 1993 were relatively cool because sulfur dioxide and ash partcles
were blown high into the atmosphere (> 35,000 ft} by the erupdon of Mt. Pinatubo
volcano. All of these observations have been modeled with some success using
General Circulation Models {GCMs).

In December, 1995, scientific representatives from 120 nations and the
Intergovernmental Panel on Climate Change met to discuss the issues of global
change. For the first time, they agreed that while many uncertainties remain, "the
balance of evidence ... suggests a discernible human influence in global climate.” In
Juiy of 1996, the 2nd Conference of the Parties to the Framework Convention on
Climate Change met in Geneva with 160 countries attending. They called for
enforceable greenhouse gas reducions that go beyond the Climate Treaty goal (stable
emissions at 1990 levels by the year 2000) because the weight of the evidence is now
substantial, and the consequences of climate change are potendally so grave for
earth's people and ecology. On December 9-13, 1596, delegates from 140 countries
met again in Geneva to negotiate reduction targets for 2005 and 2010. The delegates
could not agree on a pratocol, but an agreement must be concluded by the
ministerial-level meeting (3rd Conference of the Parties) scheduled for December
1977 in Kyoto, Japan.

The best estimate of warming is 0.8-3.5°C (1.4-6.3°F} with a most probable
esdmare of 2.0°C (5.6°F} by the end or e Z1st cenury (Inrzrgovernmental Panel on
Climate Change, [PCC, Second Assessment Report, 1996). If carbon dioxide and
other greenhouse gases continue to increase, all models predict a warming trend in
the 21st century. Precipitat:on would increase globaily, but mid-continental areas,
lixe Towa, would most likelv become warmer and drier. Sea level has been rising
already, about 3.940.8 mm/vear in 1853 and 1994. It would continue to rise by 15-85
e (0.5-3.0 f1) by the year 2100, enough to cause salinity intrusion into the drinking
water supply of coastal cities and inundation of coastal properties. A significant
fraction of Florida and smail islend countries could be under water by the end of the
next century. One of the greatest economic costs of global warming is expected to be
health related, including the incrazse in maiaria and schistaosomiasis and problems
of extreme heat affecting thie elderiy. Although an expected temperature increase of
3.6°F may not seem like much warming, it could affect the exiremes of weather
considerably, resulting in stronger, more frequent hurricanes, droughis, floods, and
costs to society. One of the biggest proponents of further controis on carbon dioxide
emissions is the insurance industry, wiich has been monitoring the Framework
Convention on Climate Change ciosely. Thev are worried that escalating claims in
recent vears due to storms will leave them barkrupt.




Under a warmer, drier cimate, Jowa's agriculturs would need to adapt rapidly
with new hybrids or different crops (wheat, for example), Energy and air-
conditioning costs would increase, and the ecclogy of plants and animals would
change dramatically. One of the greatest economic effects on Towa of 3 drier, warmer
climate would be health related. The number of days greater than 100°F would
increase significantly, resulting in heat stress and possible death to sensitive, elderly
citizens. Iowa has the second oldest Population in the United States and the greatest
percentage of citizens over 85 years of age,



1990 Iowa Greenhouse Gas Emissions
and PBaseline Forecast.

Following is the historical data and baseline forecast for energy and carbon
dioxide emissions in Towa, 1960-2010, in Figure 4. Non-energy sources of
greenhouse gas emissions are a much smaller portion of total emissions and are
presented individually throughout this Action Plan,
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Figure 4. Towa Cumulative Growth Rates, Energy vs. €O, Emissions (from Energy}.

The Energy Bureau of the Jowa Department of Natural Resources has forecast
energy consumption through the year 2010 using U.5. Deparunent of Energy, Energy
Information Administration forecasting techniques and tends. The projection
assumes continued moderate economic growth such as lowa has experienced in
recent years. Projections begin from yezr 1993 and show iz creasing total energy
consumpton, on a Btu-basis, at rougnly 0.55 percent annuallv. Figure 3 shows the
forecast through the year 2010, with total energy consumption equaling 1011 trillion
Btu per vear (tBtu/yr) in 2000, anc 1082 Bt/ yr in 2010.

Emissions of Carbon Dioxide (CO,) are forecast to increase at a slightly faster
rate “han total energy consamption (Figure 8). This is due to a predicted future
reliance upon coal-fired eleczicity generation, illustrated by faster increases in coal

T

consumption as compared to natural gas or petroleum fuels. Coal is forecast to

provide 47 percent of total energy neesds in 2000 and 48 peccent in 2010. Natural gas
is predicted to provide 18 percent of energy needs in both 2000 and 2010, and
petroleum products are forecast to provide 34 percent of energy needs in 2000 and

2010. Carbon dioxide emissions from energy consumption are forecast to be 12.5
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percent higher in 2000 than 1990 emissions, and year-2010 emissions are predicted to
be 22.4 percent higher than 1990 emissions.
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Figure 5. Historical and Projected lowa Energy Consumption (Trillion Btu).
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Figure 6. Historical and Projected Jowa CO, Emissions from Energy Use (million
short tons).
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Projections By Sector
Industrial Sector

The industrial sector is forecast to grow steadily through the year 2010,
reflecting the current experience of industrial expansion in the state and the overall
strength of the U.S. economy (Figure 7). For the period 1990 through 2010, the
industrial sector is predicted to be the fastest growing of Iowa's economic sectors.
Growth rates are presumed to remain steady at approximately 1.2 percent per year
through 2010. Even at that seemingly small growth rate, energy consumption of
326.9 trillion Btu in 1990 becomes 428.7 trillion Btu in 2010, making the industrial
sector the largest energy consuming sector of the lowa economy.
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Figure 7, Iowa Industrial Energy Consumption Baseline Forecast (Trillion Btu).

Electric Utilities

Electric generation is predicted to grow rapidly in the future (second-fastest
growing sector) (Figure 8). Energy consumption for eleciric generation is predicted
to increase by 21.2 percent from 1990 through the year 2010. While this seems by
itzeif to be a staggering growth rate, it pales in comparison to the consumption
irrcrease of 153 percent seen from 1570 to 1990, or the 38 percent increase seen for the
decade of 1980-1%90. Thus, the forsczst seems reasonably conservative, yet does not
present a picture consistent with greenhouse gas reduction goals.




Fr‘fi}% PR mﬂw:y‘gwhﬁ% 1

o o

A pi o g ¢
250 | TR ‘
200 T e s :

e

St

-
i
i
Lais %‘-1
o) e e
. e

Trillion Btu

: i
= T e 1o
e
e
”'“ﬁ"?.«»ﬁq.xm L
T
AN 1 )

i (=]
= I
(=11 L=
- -

18680

Figure 8. Iowa Electric Utility Energy Consumption Baseline Forecast (Trillion Beu).

Transportation Sector

The transportation sector is predicted to be the third fas test-growing sector of
the Jowa economy, behind the industrial and electric utility sectors (Figure 9).
Growth of energy consumption of slightly over 21 percent is forecast for
transportation. Primary growth comes from growth in vehicle miles traveled and
no forecasted increases in vehicle fuel efficiency. However, introduction of more
stringent federal fuel efficiency standards would significantly reduce the upward
trend in transportation energy consumption.
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Figure 9. Towa Transportation Enerzy Consumption Baseline Forecas: (Trillion Btu).




Residential Sector

A decrease in energy consumption is forecast for the residential sector beyond
the year 1995, reflecting slow expansion of the Iowa population, renewal of Towa
housing stock, and the resulting energy efficiency increases (Figure 10). Energy
consumption for the residentizl sector of 202.9 trillion Btu is forecast to increase to
220.3 trillion Btu by 1995 but then decrease through 2010, resultng in consumption

of 213.8 trillion Bru.
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Figure 10. Iowa Residential Energy Consumption Baseline Forecast (Trillion Btu).

Commercial Sector

Energy consumption is a mixed forecast for the commercial sector which
includes any farms as well as small to moderate size businesses (Figure 11). (Some
farms are classified across commerzizl and indus=iz] sectors).  Energy consumption
is assumed to increase by 17.2 percent over the years 1990 to 2000, followed by a slow
but steady decrease, reflective of increzsed energy efficiency in the sector,

Trillion Bu

| RIE B
1940
18995
2000
20045
2010

1060
1065 ""’
19¥0
1975
19600

Figure 11. lowa Commercial Ernergy Consumpdon Baseline Forecast (Trillion Btu).




Goals and Targets

In October of 1993, President Clinton and Vice President Gore published The
Climate Change Action Plan which stated a goal of reducing greenhouse gas
emissions to 1990 levels by the year 2000. The Clinton-Gore plan is consistent with
the goals of the Climate Convention, an international treaty that the US. signed at
the Rio Earth Summit in 1692. The lowa Greenhouse Gas Action Plan lays the
g‘rnundwork for Iowa to achieve this goal as a state. While reduction of E"EE"IhOl.‘lSE
gas emissions is a difficult task, this plan lists several policy options that can make a
pasxtwe impact on Iowa's economy and environment.

To further the study of greenhouse gas emissions emanating from the states,
the USEPA has developed a program, the Global Climate U‘mnge Cutreach Program,
which provides funds for conducting a three-Phase approach to reducing or
mitigating greenhouse gas emissions. Phase [ funds were for development of a
standardized baseline inventory. Phase II funds are for the development of a state
action plan for greenhouse gas emission reduction, and Phase III funds are for
testing and evaluation of the methodologies developed in Phase II. This report
repreqents Phase II of the program and was deveioped using the Second Edition of
the "State Workbook: Methodologies for Estimating Greenhouse Gas Emissions”,
and a variety of resources from the Iowa Department of Natural Resources and the
U.S. Department of Energy (Energy Information Administration).

Why do anything? The U.S. Climate Change Plan is purely votuntary
However, the reasons for acting now are significant. It is much easier and cost-
effective t0 enact preventive messures now than in the middle of the 21st century
whan glebal warming has already occurred, and society is at 2 much higher level of
non:erlewable energy utilization with fewer options to reverse the trend. The lowa
Greenhouse Gas Action Plan can be viewed as an insurance policy; it is an
investment against environmental consequences in the future. It will take an
unprecedented international effort to curb the increase of greenhouse gases in the
aunosphnere because emissions are so great and $o many regions are undEfGLvelnped
and will need to expand their economies. The carbon dioxide environmental signal
is very strong, and concenations will continue to increase in the atmosphere
throughout the 21st century.

I‘TI

This Towa Greenhouse Gas Action Plan is also a plan to strengthen Iowa's
economy by diversifying agriculture, raising new energy crops, increasing sales of
energy efficient appliances, generation of renewable fuels, and increased
competitiveness in manufacturing. It will increase jobs, diversify our economy, and
improve lowa's landscape.

The most significant contribution to Jowa greenhouse gas emissions 15 made by
cormbusdon of fossii fuels for energy. The majority of these fuels are purchased

—
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from outside the state, $5 billion dollzrs expended per year. (To put the number in
perspective, the State budget is 2 pproximately 34 billion dollars annually.)
Reduction in reliance on imported fuels can reduce emissions and also provide a
boost to the state's economy. Individual institutions will also benefit by saving on
energy expenditures through improving energy efficiency, thus reducing
greenhouse gas emissions. Energy efficiency remains the single most cost-effective
means to reduce energy costs and greenhouse emissions.

A key to reaching constant emissions by the year 2000, is the speed at which
policy options can be implemented. Implementation will set Iowa on a course of
reducing emissions far into the future,

The target of Jowa's Greenhouse Gas Action Plan remains the goal of reducing
year 2000 emissions to 1990 levels. Greenhouse §3as emissions forecasts are
employed to estimate emission levels if no action is taken to reduce emissions. This
forecast indicates that 93.011 million short tons of CO,-equivalent greenhouse gas
emissions would occur in the year 2000 in the baseline case. Thus reduction of 6.266
million short tons of CO,-equivalent emissions (7.2% of Towa's baseline total in the

year 2000) are needed in order to meet the 1290 levels of 86.745 million short tons
(Appendix A, Table A1),

lIowa is the 15th largest emitter of gresnhouse gases (expressed as carbon dioxide
equivalents) in the nation on a Per capita basis (see Appendix B). Every Iowan emits
an average of 29 tons of carbon dioxide per capita per year (Nev and Schnoor, 1995).
In October of 1993, President Clinton and Vice President Gore announced a largely
voluntary greenhouse gas action plan in which the goal is to limit the emission of
greenhouse gases to 1990 levels by the year 2000. However, projections indicate that
the U.S. will fall short of its goal in the year 2000.

Carbon dioxide, mostly from fossil fuel combustion, is ngt the only
anthropogenic greenhouse gas of concern, but it is the largest one in Iowa. Table 2
shows the four most important gases and their relative contrivutions to the
greenhouse effect. Chloroflucrocarhons (CFCs) are the freon chemicals used in
refrigeration, automobile air condinoners, microelectronics cleaning, and blowing
agenis. They are slated for curtaiiment in 195 under the Montreal Protocol and its
amendments, and thev are not considered as 2 part of the Clinton Action Plan.
Methane emissions (CHy) emanate fzom fooded agriculture (especially rice),
ruminant animals (eattle and shesp), and manure managsment. Nitrogen oxides
(NO, ) are from automobiie emissions and fossil fusl combustoen, and nitrous oxide

(N2O) comes from denitrificagon of nitrogen fertilizers used on lowa cropland.




TABLE 2
Net Contributions to Greenhouse Effect in Iowa, 1990 Basealine Year

Greenthouse Gas Emissions o, Effect
Carbon Dioxide, CO, 76.8%
Methane, CH, 17.9%
Nitrous Oxide, N,O 5.4%

Table 3 is a breakdown of various source contributions to (_Oq emissions in
lowa. Most of the emissions are due to combustion of coal. r.th"t"‘,’ -three percent of
the state's electricity is generated by coal-fired plants, so electric utilities are an
important sector of the economy in this er::,.:rd

D.

TABLE 3
Energy Source Contributions to CO, Emissions tn Towa,

1200 Baseline Year

Coal 55%
Petroleum 28%
Natural gas 16%
Ethanol ~1%

Energy efficiency is the best ::1.5:.‘1::; ::: :.::::Dg g'eenho'ma gnc ern.is.cic
Often, energy e*ﬁcmﬂcv mezsures can b
one's budget, as the costs of llT.I.“.U".E 1en

o

To examine energy efficiency, the At an wiii ;resent r'atemial Savings ire l'he
agriculture, transportation, utility and industrial, :or-::mer:.’al. and residential
sectors, and pardcularly in areas wher mission reducton potential is the

Erea test.
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Table 4 shows that the indus:rial sector is the largest congibutor to lowa
greenhouse gas emissions followed :} the transporiation, residential, and
commercial sectors. Itis ?ossi':i’ to mzke pelicy dedsions that improve each of
the':e sectors, wb_ile alsa cc' sidering the Cosis a'*:: eneﬁts oI the proposed ar:ﬁt:m_

o

———— -. %3

spread &unug’mut the ccrfu:nerf:;al, :nﬂu&:ria’;, and r egldan‘ﬂal sectc«rsi

Renewable energy crops such zs switchgrass can be utilized to replace fossil fuel
emissions. Reforestzation is znother method that can curb greenhouse gas
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emissions. Perennial biomass (trees especially) have a great advantage over row-
crop annual agriculture because they do not disturb the soil to the same extent
(decreasing soil respiration and release of CQO,) and because trees sequester CO, and
accumuiate a large amount of woody biomass. This biomass can either be allowed
to accumulate (native trees can store CO, and decrease Iowa net emissions) or
energy crops can be harvested on a planned 6-year rotation and used to replace
nonrenewable fossil fuels. Pelletized or gasified fuel wood could be an effective
replacement for propane in corn-drying operations, for heating of residential
homes, or for heating of confined feeding operations in Iowa agriculture. Co-firing
of coal-burning power plants with switchgrass or poplars can save emissions by
replacing coal utilization.

TABLE 4
1990 Baseline Greenhouse Gas Emissionis by Sector
% as CO,-equivalents)

Economic Sector % Emissions
Industrial 374
Transportation 25:2
Residential 22.2
Commercial 152
TOTAL 100.0

Criteria used to evaluate each element of this action plan include the cost and
feasibility of accomplishing the task under curreat market and social conditions.
Much of this analysis is qualitative, because determination of precise cost and
benefit measures are difficult, if not lmpossible, to determine. However, by
following the course of action recommended in this plan, Iowa could save 6.3
million short tons of COy-equivalent emissions in the year 2000, or 7.2% below the

baseline for 2000. Emission reductions would continue nto the twenty-first century.




Policy Options

The policy options presented under the Action Plan are intended to reduce net
Towa greenhouse gas emissions. Options are presented from all sectors of the Iowa
economy, with particular attenton given to the agricultural and industrial /utility
sectors as high impact sectors that can be influenced at the state level. The
transportation sector can be influenced primarily at the federal level.

Also analyzed are impact estimates from the Clinton-Gore action plan for
federal programs that Towa could not implement on its own, but which may be
worthy of attention from the state. Other options are simply listed to indicate
support for the federal actons.

Lastly, alternative options are presented which the project team did not feel
were viable options at this time, but they may be needed in the future. Their
potential for emission reductions is discussed in gross terms and reasons are
provided for their difficulty of implementation,

Recommended policy options in this action plan include two types:

. Priority Options and
. Meaximum Feasible Reduction QOptions

thereafter. Maximum feasible recuctions include
additional policies that would be mors diff
political, or social rezsons. They are not easy
and technically feasible.




Agriculture

Agriculture is a critically important economic activity in lowa that is included
in the industrial and commercizl sectors of this Greenhouse Gas Acdon Plan. It is
also a significant source of greenhouse gas emissions for the State of Iowa.
Activities include propane use for drying corn (carbon dioxide emissions), diesel
and gasoline use for driving tractors and vehicles, fertilizer use with emissions of
nitrous oxide (N,O), and manure management that releases methane (CH,) to the
atmosphere. Agricultural crops are also used to produce alternate fuels in the
transportation sector. For example, soybeans have successfully been used to
synthesize soy diesel, and other farm crops have been blended in various
formulations that burn well in diesel engines with little or no modifications and
less pollution. Cost is the primary problem with bringing biodiesel into the market
as an alternative fuel. Likewise, corn has been used successfully in the Midwest to
develop ethanol as a partial substitute for gasoline. A subsidy is required to make it
competitive at the current time.

Fthanol from Corn

Burning ethanol in biends with gasoline from 5%-85% (10% by volume is most
common} has a slight advantage over gasoline and diese! fuel from a greenhouse
gas emissions standpoint. Emission factors in units of tons CO, per million BTU
(tons CO,/MMBTU) are given below from the U.S. EPA (1995) State Workbook.

+  Ethanol 0.0760 tons CO,/MMBTU

. (Gasoline 0.0777
" Diesel 0.0799

Renewable ethanol burns "cleaner” than gasoline and diesel (less CO,, CO, and
hydrocarbons emitted). The controversy lies in estimates of the amount of
nonrenewable fossil fuels that must be combusted to produce a gallon of clean-
burrung ethanol. Most recent articles estimate energy requirements to be in the
range of 50 to 100% of the energy equivalent in ethanol. Cbviously, if 100% of the
energy contained in ethanol is required to produce it L.Sma nonrenewable fossil
fuels, then there is no greenhouse benefit. However, if only 75% of the energy in a
gallon of ethancl is required to produce it, then a large benefit accrues in diminished
CO, emissions because z renewable corn crop has been uiilized, which sequestered
CO, from the atmosphere during the growing season.

Corn ethanol production creates 24 percent more energy than it uses, according
to a study performed by the US. Department of Agriculture ("Estimating the Net
Energy Value of Corn-Ethanol,” USDA). Furthermore, the study found, ethanol can
replace petroleum imports by a factor of 7 to 1 because it uses abundant domestic
feedstocks such as natural gas and propane. While the market price for a barrel of
oil is about $20, the U.S. General Accounting Office estimates its true cost is really
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about $126 per barre!l ("Fuels for America’, November 1, 1993). When calculzting
the real cost of gasoline, ethanol becomes even more atiractive.

There are many other issues surrounding the use of ethanol from corn that go
beyond the scope of this Action Plan including: the use of methyl-tertiary-butyl
ether (MTBE) rather than ethyl-tertiary-butyl ether (ETBE) in reformulated gasoline,
price subsidies required for ethanol and ETBE from corn, disputed air quality
benefits of smog and ozone formation, ethanol trade barriers with Brazil, strategic
reliance on foreign oil, balance of payments, the cost of maintaining 2 military
presence in the Middle East to protect oil supplies, energy self-sufficiency, and soil
erosion as a result of a renewable crop such as corn.

The biggest problem facing increased reliance on ethanol from corn at the
present time is the recent price of corn at near record levels, more than 53 per
bushel, and the politics of maintaining federal and state subsidies to make it cost
competitive. There is a potendal for ethanol to increase as a result of the 1990 Clean
Air Act Amendments as ethanol is used in areas trying to meet mandated ambient
air quality standards for ozone. For the purposes of this Action Plan, it is assumed
that ethanol production and utilization in moter vehicles will remain roughly
constant at 400 million gallons per vear. This produces a savings of 398 million
dollars in oil and gasoline purchases within the State of lowa, and it has created
about 12,000 jobs in the ethanol industry {IDNR, 1994 a and b).

Nitrogen Fertilizer Application Reductions

Nitrous oxide (N,O) has a carbon dioxide equivalent of 270 times a CO5
molecule. Therefore, reductions of N,O emissions become significant for
agriculture. A number of programs have been in effect in Jowa since 1982 to
improve nitrogen management on lowa farms. The programs included the Big
Spring Basin Demonstration Project, the Integrated Farm Management
Demonstration Project, the Integrated Crop Managsment Project, and the Model
Farms Demonstration Project. Thess projects were initially conceived in response
to nitrate contamination problems in groundwater and included the goal of
producing a soil nitrogen test which would enable farmers to apply only requirec
armounts of nitrogen fertilizers. The educzaton programs were funded by oail-
overcharge revenues at a cost of $26 million, with savings of 5363 million.

The Big ‘Spring Basin Demonstration Project showed basin-wide decreases of
over one million tons of nitregen applied per year (on approximately 200 farmsj,
saving about 5200,000 per year for the farmers involved. The Integrated Farm
Management/Integrated Crop Management project demonstrated savings of over
240,000 pounds of nitrogen in 1989 - with no reducton in yields. More Impressive,
the impact beyond the test areas purely through educadon has been significant.
lowa farmers have reduced nitrogen application rates, while use in other corn-belt
states have shown an upward trend (Figure 12).
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Figure 12. Jowa Nitrous Oxide Reductions Attributed to Decreases in Nitrogen
Fertilizer Application Rates (tons N,QO). -

Total nitrogen fertilizer reductions of 2.062 million tons from 1985-1995
resulted in savings of $363 million (Table 3). Nitrous oxide emission reductions
during this period were estimated as 37,908 tons, or 10.2 million tons of CO,
equivalent. Further emission reductions are assumed to be negligible through the
year 2000 due to changes in the Federal Farm Bill and current scarcity of corn
inventories. In 1995, there were approximately 2 million acres in the Conservation
Reserve Program, and a significant fraction of that acreage may come back into
production. Increases in corn acreage planted, and the inclusion of marginal lands
will likely act together to offset further potential reductions. From 2000 to 2010 a
one percent per year savings has been assumed in nitrogen fertilizer application by
continuing extension educaton and programs by the Leopold Center for Sustainable
Agricuiture that are now in place (Figure 13).
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Figure 13. Trends in Nitrogen Fertilizer Application (tons N/Acre).

22




T/EY o (NJZLLO D = paliiwa QIN - ooqRI0M (S31¥)15 M) I0gae| Uojssiug ,

(st peqeainba sv) jany (asarp (e | = pd-sq) p e prvwpisa anjes Aidian

(avad soj ajea pgg jemaesedae oo eiey - [vav/p-Ea) gal A N SRET W53 i (eon) waoag paenaged aies pd GRGE O 2ARLIRI PAEN N U U0IRnRag|

“earoe | pagsaaden)] doad jegog/sq) v pasn ] (HI01 suiody paginoea “vase duta aad pasn gy adraany

™ puncd S5 1 pe 1 pajenojed Jazi|uaag jo anjey
s1doday) 1z g

Ju D s “dpspaesmnig pur puv <2udy idag] vmoj pue pegl 'Tivg Avnnung azipand v L las1 o] | pue _____....4: wiea g pieuuoy p-2azsag o]

B ARG SISUTIS [FIN IR Y (PUGH L] PR SIS Jranynad y o oy m__..w:..n__._:__...._

e faaqiep] o (mepdn pgnl) emop unauaiivugy wnoaiipy aneniu] epuaivoara] Alsugpraimpopdy s eaojo majang ssaaflon,| v, wioap pmdepy
i
DsLLky s DSCHRE'EYLS GRS IZVE VUG 9FSHIY § ‘ £2H 10T VIOL
OUIT0E L6 O09'CIERS & SI8REC €L yon9gsRg § | EIVS 0’56t LIVEER AN LIRTL S66L
(VTP T o QUEUREFL & H9E'GH y4 [ TTAC 70 A S I AN | 05T MaSENT  uEl LU6'ET bael
NI} M UNEIEL Ty & BUG VAT L4 puZyoswE & | Z0Es FSTRNT Ches nonel TGLE 66l
(0008 68 U0 PELSE § nglgee us OusLGAr § | 9E6'T Lay'ngl SUIHYS uzEl YL 1661
AT | (OCitsuge $ HUO'LHT i HOL'zek'1s ¢ |est'c TN P ARA'956 T arA YLEET 1661
pow 1LE'Es udazzr'le $ FEY RO ig HOCrEErs $ | 6IEC THI TR S LR Lt GLDUE U661
058 G1E'RL gs1omRear § UsLELE LL GimostEs ¢ (EESE YOl il TE9 L (IIEaa LGU'EE 6161
AU UEL LS GUOTRES YES UT6UCT Ue Mz'aeIEy & |HINE Py LI LEguEn I R TOOEE RA6L
o1 LLE DO UGTHE 3 B R L8 WE'BELTR $ | kLS R PEGLGE 0L 9ERUT L6l
DO REE" LS g Eear % FA g polearas ¢ | ses'e LRGYE 015 CER fea | 964" CL GHGL
_ 06 AEPRILL G06'El BCiFsE SE6L
Cm_._m_.._ r._r_m S| PRS- | 2108 -8 sAU] [up T [+] Lt I.W SLILKY [+] Stmag 5v SO0 ()i S
2] jas21p ajel pJ.f ERLE alag asn EuO)ss) ] a5 MY [2s(] sy jpraisasde]| Jea )
Jo sLOgE CHRL wiox) - Nd SBAL doi> sad Bl SEGL w0y UTN GRAL Wod)  AdTIpIAA]  Wad [eaf, qai0y
juajeainha HOLanpal ] 2aie12 pasn . uejlanpay CHRL Wiul) | unponpay R LTNR deany w10,
] W panpad py ju anjep [rasn pd ul afeiaay jo anjey LJiupanpay
jo anfea K8saug) wojjanpay

(9gn | 2auapuidsaiiu jruogiad “ypny ‘m._a,:_z: Wa1nng)

uoianpal oyl jo Ailaua pue aegop aygg pue 'asn gya] i)

aauatap 4o ‘worn pa i and (pg) Nesaziag e o pafesaae
: ‘FORT-SHGL “BMu] Ul Prasp] Jeljiar] (),

Tav.L




Table 6 shows that corn yields have been unaffected by decreases in nitrogen
application rates in Iowa, and this is the message that must be conveyed to farmers.
Corn yields have been primarily affected by weather patterns. 1992 and 1994 were
favorable years with timely rainfall that produced record yields despite
approximately 17-19% reductions in N-fertilization rates compared with 1985. 1988
produced a poor corn yield due to drought, while 1993 produced a poor corn cop
due to floods. The corn yield has not been affected by decreased N-fertilization and,
thus, the savings reported in dollars, energy, and greenhouse gas emissions are real.

TABLE 6
Corn Yield as a Function of Fertilizer-N Application Rate

Avg. lowa Corn Avg. Iowa Corn
Fertilizer-N Rate Yield
Ib-N/ac bu/ac
1985 145 126
1986 131 135
1987 132 130
1988 139 B4
1989 128 118
19590 127 126
1991, 120 117
1992 118 147
1993 114 80
15994 121 152
1995 120 123

Manure Management Improvements

On a CO,-equivalent basis, emissions of methzane from animal wastes are a
significant contributing factor to gresnhouss emissions from lowa. Given the large
number of hogs in the state (currentlv ~14 million), hog cperations are the largest
suoset contributing to these emissions, provicing nearly 87 percent of total animal
waste methane emissions.

hogs, which is about five times greater than the number of people (2.8 million
population). The greenhouse gas exussions of a mature hog is approximately equal
to 2.5 people. Thus, Iowa with a population of 2.8 million people has a population
equivalent of roughly 35 million people in the form of hogs. Manure management
from these animals becomes a problem and a major release of greenhouse gas as

lowa has the largest nog production of any state. Currently, it has 14 million
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methane. Nearly 12% of Iowa's total greenhouse gas emissions were from
domesticated animals and manure management (see Table Al}.

Given the recent debate over the use of large hog-cornfinement operations in
the state, options are presented for both large SCELIE anc small scale operations. For
the large scale operations, where wastes are concentrated and maintained in large
quantities, anaerobic treatment and capture of ;E'I.E gas would result in large
emissions reductions compared to waste stabilization lagoons where methane
escapes to the atmosphere. Recapture of the methane for energy recovery, or
combustion by simple flaring, would greatly reduce methane emissions. Current
regulations already require the recapture of methane emissions from landfills, and
the greenhouse gas inventory shows that manure methane emissions nearly equal
those from landfills.

For small producers, frequent application of manure to fields reduces the
evolution of methane from the waste. The more surface area that can be exposed to
the atmosphere, the lower the incidence of the waste undergoing znaerobic decay
which is the major methane production mechanism. Manure enhances the quality
of the soil and adds orgznic carbon to the soil profile. Aerobic resprration results in
a slow release of carbon dioxide rather than methane which has 22 times more
global warming potential on a molecule-per-molecule basis.

Under this Greenhiouse Ga s Action Plan, large producers (greater than 5000
animals} would be required to ! nave met hane capture facilities by the year 2000.
State legisiation will be required to implement this priority option, and it will save ~
25,000 tons of CD—;-—PGunalewt emissions per year after the year 2000. Methane

capture would be consistent with other environmental goals such as impermeable
or concrete holding basins to prevent ieaks from earthen lagoons. The authors have
assumed a 10% reduction in annuzl emissions due to methane capture beginning
after the year 2000 through 2010

General Energy Efficiency Trends In Agriculture

A study conduczed by Michael Duffv of the Leopold Center for Sustainable
Agriculture illustrates the changing energy use on lowa farms. Total farm energy
consumption in 1989 was only 60 sercent of 1575 consumption, yet there was llttle
change in acreage farmed. The gzin in farming efriciency led to an average annual
reducton of 4 JS percent, or 3,036,028 MMBtu. ‘:mulaﬂv smissions of greenhouse
gases from farm fuel consymption have decreased an average of 3.39 percent

Ve Gge
a.rl.nualiy, representing 232,306 tons of CO, saved annually.

For this Greenhouse Gas Action £ su
be made in the period between 1‘39 :.d ye r 2000. To employ conservative
savings estimates, the authors have assumed that reductons will average one half
of the rate of 1975-1989, allowing for la :ger de ases during the energy crisis and

farm crisis years of the 70s and m’s Thus reductions of 117,000 tons per year of CDZ

umed that further efficiency gains will




emissions are claimed from the agriculture sector. Since energy use data from the
Energy Information Administration does not clearly place agriculture in either the
Commercial or Industrial sectors, it was assumed for simplicity that agriculture is

within the Commercial sector activity for emission reductions.




Agroecosystems/Energy Crops

Poplar Plantations

Poplar plantations have many environmentally desirable applications,
including use as buffer strips to decrease erosion and nitrate in runoff from highly
erodible fields, for treatment and removal of toxic materials from landfills and other
soil contaminations, and as an excellent sink of atmospheric CO,. Newly developed
hybrid varieties are more disease resistant, live for 30 to 30 years, and grow
extremnely fast. A poplar tree buffer strip at Amana, established in 1988 by The
University of Iowa, has produced 7.5 tons of dry matter per year after the third
S2a50T1.

Hybrid poplars will store carbon in woody biomass up to a 50 year period until
primary production is offset by respiration and decay. As a long-term strategy, trees
could be used as fuel, co-fired with coal at power plants, grown on a 6-year rotation,
thereby renewing the energy crop. The trees coppice (grow back from the cut stump)
so there is no need for replanting. Harvesting equipment would be required.
Gasified poplar biomass could also be used as heating fuel for hog buildings, home
heating or corn drying (reduces propane or LPG consumption).

Swilchgrass

Switchgrass, like popiar trees, is capable of rapidly producing large amounts of
biomass per land unit, while sequestering CO- and providing a potentially valuable
biomass crop. Near Centerville, lowa, a program is underway to determine the
feasibility and economics of growing switchgrass in Iowa as a renewable biofuel that
would sequester CO- emissions. Swirchgra

because it is planted and harvested with adidonal !

harvest, ship, and handle with conventional farm equipment, but it may not be
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(Chariton Valley RC & D Inc., 2 USDA sponsored rural development organization

and TES Utilities, a major lowa energy company, are leading a smtewide coaliton of
public and private interests t merge the state’s agricultural potential with long-term
energy requirements to develep a locailv susminable source of biomass fuel. The
counties of Lucas, Wayne, Appancese, and Monroe which make up the Chaniton Valley
RC & D area in southern lowz, ar2 the target of this major biomass ininative. Ten
percent of the total land in the four-county Chariton Valley areais in Conservation
Reserve Program (CRP) — 140,000 acres. In 1996 alone, 80,000 acres of these CEP
contracts are set to expire. Much of southem lowa is well suited to the production of
forages and trees. Thousands more zcres of marginal lands notin CRF contracts, have
limited markat potential for production and would be avaiiagle for biomass producton
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under favorable economic conditions. A Department of Energry sponsored investigation
of renewable energy in southemn lowa has centered around the use of swi tchgrass, a
native grass of lowa, as one of the most promising sustainable sourcss of biomass fuel.

Farm program changes and the eventual end of the CRP make adding value and
establishing markets for perennial forage crops vital for the area. The Chariton
Valley project proposes the establishment of biomass power generation capabilities as
an alternative for marketing forages. 1ES Utilities is participating in the project to
determine the feasibility of using a dedicated supply of southem lowa biomass as a fuel
source for one of its facilities. The results of the feasibility study indicate that co-
firing switchgrass with coal is the most practical, economical way to establish a
biomass energy industry in southern lowa. Relatively low cost madifications at an
existing IES Utilities facility would allow a biomass capacity of 35 MW. The facility
would use an estimated 30,000 to 40,000 acres (200,000 tons) of biomass annually. Land
currently in CRF that is highly erodible is the perfect source for biomass. Benefits to
water guality, soil conservation and the local economy are phenomenal. Much of the
targeted land area is in the watershed of Rathbun Lake which supplies 13 lowa and
Missouri counties and 21 cities with water, through one of the largest rural water
systems in the United States, Rathbun Regional Water Association. Costs are
estimated at $36.17 per ton of dry biomass produced (Table 7).

Chariton Vailey RC & D, Inc. proposes to identify a viable biomass project for at
least 40,000 acres by 1996, to compliment a long-term strategy for biomass power in
lowa. The Chariton Valley RC & D area has aiready received autharization from
USDA for a 4,000 acre demonstration project supporang the development of energy crops
as a post LRI altemative. A major private supportar will be the lowa Farm Bureau
Federation which is committed to recruit farmers for biomass production and to develop
a post CRP industry. Also providing technical assistance is the Jobin Desre Ottumwa
Works forage research unit

Forest and Prairie Restoration

Iowa is perhaps the most ecologically altered state in the nation since Dre-
sertlement times. Currently, it has 90 percent of its land in agriculture. Seventy-five
percent of its forests have been cleared, and over 99% of its original prairies have
vanished. Towa has precious little public land and park land. It is not possible to
"completely restore” prairie ecosystems, but it is possible to replant native trees and

prairie grasses.

s

Replanting native forests on ricultural land will benefit water

quality, soil, groundwater, 2nd wild!

dlif t, wiule seguestering carbon dioxide in
woody biomass. Approximatelv 7.5 tons of cry blomass per acre per year would be
produced from native species reforzstation. If one million acres (2.8%) of Iowa land

were reforested by the year 2010, it would eventually result in the sequestration of
13.75 million tons of CO, per’yvear, about 17% of lowa’s total 1990 emissions. Foplar
trees would provide a similar carbon sequestration rate, but they are a monoculture,
most appropriately managed as a renewable energy crop. Both approaches, poplar
tree buffer strips and native forest restoration efforts are needed. As a Priority
Option, a total of 200,000 acres should be reforested by the year 2015. This




TABL
Estimated 3 Yezr Productic
Based on 3.5 tons/acre/y

E7
iy Buccet for Switchgrass
rear {Cooue* 1953)

Costs per Acre Annual
SEEdEIbS FLS!EL‘F“? 50/lb = $15.00
Herbicides w/appl. @ $40/ac = 30.00
Drill, tractor, & operator @ 515/ac = 15.00
Estimated Cost: $ 60.00 $12.00
Maintenance (annuall
Fertilizer
60 Ibs. N @ $.25/1b $13.80
30 Ibs. P,O: @ 5.25/1b 7.30
90 Ibs. K;,0 @ 5.17/1b 15.30
Application Cost 5.00
S44.60
Harvest
Large round bales at $5.00/ton $31.50
Land Value Return
$350/acre 28.00
Pro rated 1st vear opportunity 7.00
Transporiation
S2.00/mi for 20 tons, assume 10 mile average 3.30
TOTAL COST/ACRE $126.60
Total Cost per ton based on 3.5 ton/acre $36.17
would be accomplished by voluntary efforss, "iree-tress’ programs, CRP Program

rchases. If 55 million per year in
*eatatmn, $100 miilion dollars
cres of land at a cost of 3300 per acre.
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Prairies do not sequester much carbon dioxide in comparison to woody biomass
because the grasses demrn:o:e each vear. They de, however, provide wildlife
nabitat, bmd,wemtw, and soil erosion control — other valuable environmental
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benefits. Prairies also help to restore soil tilth, soil quality, and organic carbon to the
deep soil profile. Assuming that 10% of net primary productivity of prairie grasses
goes into roots and storage as soil organic carbon, then 0.3 tons dry matter per acre
per year would be sequestered and added to the soil organic carbon pool. Some of
this organic carbon would be reoxidized by soil microbes, but & portion of it would be
stored as scil carbon. For the purposes of this Action Plan, prairie restoration is not
a priority option because it does not sequester sufficient carbon dioxide, but it may be
a desirable strategy for other environmental benefits.

The most available publicly-held lands in Iowa are 600,000 acres of roadsides.
Roadside prairies are increasing for their utility and beauty, although they are
“linear habitats” and not ideal prairie examples. Other programs include the
Walnut Creek National Wildlife Refuge which has restored about 1,100 acres of
natural prairie in Iowa since 1990. Their 20-year goal is to plant 8,600 more acres.
The U.5. Fish and Wildlife Service is receiving comment on a plan to restore up to
100,000 acres of prairie on contiguous land with corridors from Des Moines to
western Minnesota,

Maximum Feasible Energy Crop Strategy Assessment

In this Action Plan, a maximum feasible reduction (MFR) option is
reforestation of approximately 1 million acres of lowa land by the year 2015. Native
trees and hybrid poplars could be planted on marginal lands., Hybrid poplars could
be grown in buffer strips for control of nonpoint source runoff or as an energy crop
for co-firing with coal at power plants. Natdve trees could be established as forest
land and/or harvested periodically for their hard wood (e.g., walnut and oak).
Maximum feasible reduction is defined as those policy options that are effective and
technically. feasible but would require major funding and/or legislative action.

L0, sequestration in Iowa in pre-settiement days accounted for 96 million tons
of carbon dioxide by 7 million acres of forest and woodland (savanna). This
represents more than the present dav COs-eguivalent emissions in Jowa.

i

(7.5 tons dry matter/acre-yr) x (7 million acres in Iowa) x (0.5 carbon/dry

matter) x (&2 C0O. /12 C) = 36 million tons/yr

Eventually, the woodlands reached 2 mature climax stage, and they were no
longer a net sink for CO,, but they were renewed by natural fire.

(#1]
1

The current situation in‘lowa is 2 land use pattern with 2.1 million acres of
torests out of a total 36 million acres (IDNR, 1996). Corn, beans, and pasture account
for most of the remaining land use (with urban and wetlands a small fraction).
Corn, beans, and pasture also sequester considerable carbon dioxide, but it is rapidly
returned to the atmosphere when the plants die and they are consumed following
harvest. To sequester carbon dioxide in newly planted forests would require
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harvesting and the replanting of new trees, so that the forests were always in a state
of net growth.

If Iowa couid reforest 200,000 acres of land (priority option) or 1,000,000 acres of
land (maximum feasible reduction scenario), it could sequester 2.7 million tons
CO,/yr of 13.5 million tons ngf}'r, respectively.

7.5 tons dry matter/acre-yr) x (1 million acres) x (0.5 carbon/dry matter) x (44
3 ) b
CO,/12 C) = 13.5 million tons/yr CO,

The maximum feasible reduction scenario would sequester approximately 16%
of our 1990 annual emissions by the vear 2015.

The maximum feasible reduction strategy is quite "feasible” if one considers
that 2.0 million acres of lowa's marginal land are currently set-aside in the USDA
Conservation Reserve Program (CRP). One could establish a program of incentives
to encourage farmers to plant CRP land into woodlands or riparian zone buffer
strips for soil and water quality benefits. Some of the revenue generated as a part of
implementing this Action Plan will be used for that purpose.

To sequester all of lowa's greenhouse gas emissions would require about 6
million additional acres (one-sixth of lowa's land). This is not an impossible task,
but it would require a large tract of forest land (greater than that which was present
at the time of settlement, pre-1830) to be managed for multiple uses (Table 7).
Planting native species, poplar tree buffer strips, and switchgrass s an energy crop
are part of a total management strategy in this Action Plan, and the recommended
additional area is 200,000 acres by the year 2015 (Priority Option) or 1,000,000 acres as
a Maximum Feasible Reduction.

Economics: Some energy crop policy options can save money. Based on
experience at The Universitv of lowa growing hybrid poplar trees, the strategy is
already close to breaking even. If marzets develop for hybrid poplar in Jowa, such as
the puip and paper market in Wisconsin ancd Oregon, poplar plantations could
actually earn extra income for farn inon to sequestering carbon dioxide.
Hybrid poplars can produce zbout 7. of stem (bole} per acre per year with a
heating value of 8400 BTU/Ib dry marter (Lichr, 1930). The trees would be gIOWT On
a six-year rotadon, but they coppics (crow back Tom the cut-stump), so there is no
need to replant. The Electic Fower Resezrch Institute (EPRI) indicates that the
poplars should be worth $1.96 per million BTU when co-fired with coal. Thus, the
net income would be ~$247 /acre, not much lower than that for corn acreages, but
this would be on marginal land. If :he czpital cost of land 2nd trees were 52781 /acre,
annualized over a 30 year project lifetime with an 8.0% annual interest rate, the
annualized cost would be 3247 per acre, exactly equal to the znnual income. If the
value of the woody crop increases, or the capital cost decreases, the hybrid poplar
tree strategy would produce income for the State of lowa and farmers. A new
commodity crop could be created, and greenhous2 gases would be sequestered.




Biomass is sdll more expensive than cozl, and our estimates indicate costs of
52/ MMBTU or almost 5¢/kW-hr. Nevertheless, costs of biomass producton are
decreasing, and little capital investment is reguired with co-firing. New coal-fired
power plants may cost as much as 4¢/kW-hr. In the meantme, we create new
market for biomass and a new commodity crop for farmers 3t a time when the
Conservation Reserve Program (CRP) is changing. Poplars can be grown on
marginal lands in Iowa and produce 2 small income stream for farmers, with
concomitant improvements in water quality.

There are other air quality benefits of using renewable fuels rather than coal.
For example, a 20-MW coal-fired power plant in Jowa with 30% thermal effidency,
10,000 BTU/1b coal, 3.5% S, and 0.5% N, would burn approximately 273 tons of coal
per day yielding 7.0 Ib SO,/MMBTU and 0.54 Ib NO/MMETU. Both of these gases
would require reduction to meet permits under the 1990 Clean Air Act
Amendments. If 5% by mass of the fuel was fired as hybrid poplar trees with a
moisture content of 10-20%, we could expect the sulfur emissions to decrease
proportionately (by 5%) and the NO, emissions to decrease 1-2%. These pollutant
reductions may not sound very large, but they translate into a significant
environmental benefit over time. In 24 hours of test-burning, approximately 13.7
tons of dry biomass would be reguired which is about one-third acre of o-yr old trees
at a density of 600 trees per acre.

Likewise, switchgrass could be co-fired with coal to produce environmental
benefits. IDNR (1994a) estimates that if switchgrass to energy was utilized on 2.8
million acres of lowa land, 14.3 million tons of CO,, 0.05 million tons of NQ,, 0.5
million tons of SO,, and 0.06 million tons of particulates would be avoided
annually,

Iowa had almost 7 million acres of forest land in 1850, but it is now about 70%
depleted. " According to preliminary calculations (Table 8), reforestation of 1 million
acres couid sequester 16% of Iowa's 1990 carbon dioxide emissions for the next 20-30
years until the trees have matured. These figures are only estimates; but they
demonstrate the potental for biomass and ENergy crops to play a significant role in
lowa's greenhouse gas action plan.

TAEF

lowa's Forested Tands (IDNR,

LES
©96) and Reforestation Optons
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Year Forested Acres
million

1830 6.8

19347 24

1974 1.5

15890 2l
Reforest MFR 20157 1.0
Prigrity Qption 2015- 0.2

“*One million acres is propased under maximum feasibie reducton scenamo, TTwo hundred thousand aces by the
year 2015 is proposed a5 2 Prioriny Cotion in this Action Plan, 10,000 acres per Year for 20 vears.




. Reforestation is already taking hold. Since 1990, about 7,000 acres of trees per
year have been planted on rural lands and, in addition, urban tree plantings have
increased from 200,000 to 600,000 trees per year (IDNR, 1996):-The Priority Option of
200,000 acres of reforestation should be easy to accomplish over the next 20 years.
Approximately 500,000 acres were reforested between 1974 and 1990. The Maximum
Feasible Reduction Scenario of 1,000,000 acres by the year 2015 would require much
greater funding and land availability.

Table 9 is a summary of the Priority Options and Maximum Feasible
Reductions chosen for the Agriculture Sector. The policies should be implemented
as soon as possible (1997) to achieve the estimated savings in CO, emissions shown
relative to the baseline year of 1990.

TABLE 9
Agriculture Sector Priority Options and
Maximum Feasible Emissions Reductions
to the Year 2010 from 1990 Baseline Year

Annual ED2
Reductions
million tons/vr

Prioritv Options

Reforest 200,000 acres by 2015 (native trees, poplars) 2.7

Energy Crops (switchgrass, poplars) 35 MW 0.09
Reduce N-fertilizer 1% per yr (2000-2010) 0.4
Largs hog lot capture of methane 0.1
Improved farm energy efficiency 0.1
sazible Reduciions
Reforest 1,000,000 acres by 2013 13.5
Energy Crops (switchgrass, poplars) 100 MW 0.26
Reduce N-fertilizer 1% per yr (2000-2010) 0.4
Large hog lot capture of methane 7

Improved farm energy efficiency
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Transportation

The broad national policies suggested by the Office of Technology Assessment
(OTA) and the strategies outlined in the Climate Change Action Plan have varying
appeal in Iowa. Based on Iowa’s characteristics, the policy options that appear to
have most potential for influencing energy use in the short term are for the state to
increase fuel taxes; discourage single occupancy vehicle trips; promote transit use;
and improve fuel economy and vehicle emissions through tax incentives,
regulation, and technology improvements. Reductions of emissions from the worst
polluting vehicles would have a significant impact on the reduc:ion of the total
emissions from all vehicles.

Increased fuel tax

Using fuel tax rates to influence travel choices has many advantages. Changing
the relative cost of driving an automobile would have a number of short-term
benefits. It would promote carpooling, deter some trip-making, and encourage
transit use where available and practical. Over the longer term, a higher fuel tax
would increase an individual’s incentive to buy vehicles with better fuel efficiency,
and even support the development of land use patterns that rely less on vehicular
travel for mobility.

The overall level of travel in lowa has grown steadily during the last several
decades. Figure 14 shows how vehicle-miles of travel (VMT) per person have
increased from 1960 to the early 1990s. In 1960, each person in the US. and in Iowa
traveled about 4,000 miles each year. By 1992, each person was traveling about 8,700
miles per year. lowans traveled somewhat fewer miles per person than was true
nationally. from the late 1970s through the early 1990s, but the amount of travel is
now about egual,

Vablcle milos per caplla

1980 1883 197G 1873 18840 1585 1930

Figure 14. Iowa Per Capita Vehicie Miles Traveled.




Carbon dioxide is emitted via the combuston of g“selme Approximately 190
Ibs. of CO, is emitted from the combustion of 10 galions of gzsoline in an
automobile. Figure 15 shows how COz emissions from gasoline changed from 1960,
In 1977, emissions of CO2 grew to 160 percent of the 1960 levelbut fell back to about
130 percent in the early 1990s. The share of all emissions of COz that gasoline is
responsible for was about 85 percent in the early 1960s. Since then, this proportion
has dropped to about 70 percent, a level reached in 1982 and maintained since then.
Emissions per unit of travel have declined significantly over the last twenty years
due to advanced vehicle technology. In the 1960s, about 1,200 VMT of travel
produced one ton of CO;. By 1980, it took 1,400 VMT to emit one ton, and by 1992,
the amount of VMT needed to produce one ton of CO; was almost 2,000. However,
the actual number of vehicle miles traveled have also increased significantly.

COz, million lons
[r & o
B e et | e (. S

1860 19658 1570 18735 1880 1985 1990

Figure 15, lowa CO, Emissions from Gasoline (million tons CO,). Calculated from

Energy .niormadon Adminismarion (ELA) State Energy Data Report using EPA State
Workbook methodology.

Limjdng emissions bv changing fuel taxes, One goal of state policy could be to
stabilize emissions of CO5 from gasoline. That is to say, the emissions level in 1930
could be used as a target for the vear 2000. The level of emissions in 1990 was

- estimated to be 12.36 -m_hon tons of CO3z. The znnual growth rate of VMT in Towa
from 1980 to 1993 was about 2.5 peszant per vear (with a declining population, the
per capita VMT growth rate was abour 2.8 percent per year). Ses Table 10.

Assuming that trave! will grow from 1993 to 2000 at the same 2.5 percent
growth rate, total VMT in Iowa would be 30,188 million VMT. How much COs
would be emitted in 2000 depends crucially on the emissions per unit of travel of
the vehicle fleet in that year. About five percent of lowa's fleet is purchased new
each year, and the average new car fuel efficiency today is about 12 miles per gallon
better than a new automobile a dacads 220 [?u.reax. of Transportation Statistics,
1994); by 2000, over one quarter of lowa’s automobile feet should be much more
fuel-efficient than the oides: cars in **zr;a v's fleet. More research would be needed to

'r'\:
precisely determine the magnirude of this efficiency effect.
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TAEBLE 10
Selected trends in travel and emissions, U.S. and Iowa, 1960-1993

VMT per capita (miles) fowa CCh Emissiﬂn_s
From  Index with  State. Share accounted
Yedr U.S. lowa gasoline”  1960=100 total® ~ for by pasoline
13a0 3,594 4,082 959 100 1137 84%
1961 4,029 4,158 9.73 101 11.54 B4
1962 4,125 4,23 8.57 103 11.71 B4%
19463 4269 .364 10.01 104 11.59 B4%
1564 4,423 4,485 10.15 106 12.06 84%
1965 4588 4,644 10329 107 12.23 84%
1964 476 4,868 10.90 114 1327 82%
1967 4,872 5,064 11.50 120 1431 BO%
1968 5,096 5368 12.11 128 1535 79%
1969 5318 5,541 12.71 133 1639 78%
1570 5499 5,669 1235 128 15.90 77%
1571 5753 5,800 13.32 139 17.43 76%
1972 6,091 5,939 13.78 144 18.11 76%
1873 6,198 &,179 15.06 157 19.55 7%
1974 6,101 &.046 1417 148 18.79 3%
1975 6,173 6,197 14.25 149 18.94 75%
1976 6,476 6,363 15.15 158 19.75 77 %
1977 6,718 6,530 1534 160 20.11 76%
1978 6,957 6,671 15.4 161 20.05 T%
1575 6,809 S02 14,49 151 19.29 73%
1980 6,713 6,282 13.24 138 18.21 73%
1981 751 8,414 1265 152 1734 73%
1852 &85l 6,668 12.43 130 17.76 70%
1883 7029 E.ob it e iral 2%
1984 7260 7,035 1256 12% 1774 0%
1985 7.45% 7,104 1205 125 17.08 1%
1985 7641 7,336 12.07 128 l6.36 2%
1987 7,928 7526 1219 127 17.2 70%
1988 8.286 7,888 i257 121 18.04 0%
1289 B.294 g123 1284 152 18.26 69%
1920 Be22 342 1136 129 18.16 68%
1991 8.615 8440 12.48 130 1759 71%
1992 B7E1 .79 1255 128 1738 7%
*In miilions of tons.
SOURCES: VMT data for US. and lewa from lowsz Department of Transportation, 1995. Populaton data

from various editions of the Staristical Absirac: of the Untted Siates, US. Department of Commerce,
Washington, DC: 1994, Table 26; 1988, Tabie 21; 1986, Table 12: 1978, Table 11; 1975, Tabie 11; 1971,
Table 12; 1968, Table 9; 1951, Table &; 1652, Table 10; 1944-1945, Table 8. Emissions from motor gasoline
in lowa from Ney and Schnoer, 1995, p. 74. ,




If the policy objective was to limit total CO; emissions in the year 2000 to 19¢0
levels of 12.536 million tons, the number of miles traveled per ton of CO2 would
have to rise from 2,000 (todav’s level in Iowa) to about 2,453, an increase of 22
percent. Given the 40 percent improvement achieved from 1980 to 1992, it may well
be possible to improve efficiencies by this amount with fleet replacement alone. To
the extent that such further efficiency is not possible or realistic, total travel could be
reduced by increasing fuel taxes. If efficiencies increased by 15 percent, the balance of
the goal, about seven percent, could be addressed by fuel taxes.

It is important to note that the ability of changes in fuel taxes to influence
overall automobile costs is rather limited, especially in comparison to earlier
decades. In 1994, the cost of operating an automobile was $4,665 per 10,000 miles, in
1990 dollars (Bureau of Transporta txor. Statistics, 1994). Of this total cost, $910 (19.5
percent) was related to variable costs of aperanng a car, primarily the purchase of
gasoline and oil, maintenance, and the cost of tires. In 1975, the variable cost was
51,566 in 1990 dollars, almost twice as high in real terms. In the late 1990s, given
stable overall energy prices, it is clear that only large changss in fuel taxes have any
prospect of significantly impacting the total costs of owning and operating an
automobile.

Carpooling. A result of increases in fuel prices is to promote carpooling as well
as a dOWHward pressure on the overall amount of travel. Ferguscm (1994) analyzed
Census and Nationwide Fersonal Transportation Surv ey (NPTS) data on carpomlmg
for the period from 1970 to 1990. Since oil prices rose significantly in the 1970s and
then fell as much in the 1980s, he usec a comparative statistics approach to estimate
the elasticity of carpooling with respec: to gasoline prices (which allows for changes
in fuel efficiencies). Based on this analysis, Ferguson estimated that the elasticity of
carpooling with respect to gasoline prices is 26.1 percent. That is to say, as gasoline
prices change by 100 percane, carpocling will inczease by 281, He further pstimated
that it would take an increase of 51 cents per gallon in gasoline prices to offset the
ongoing decline in the carpooling rate associated with other factors and an increase
of 51 a'l per gallon to restore the carpooling rate of 1980 (19.7 percent) by the year 2000
(PP. 2-10, 2-—11}.

A significant fax increass has a number of seriou ‘f‘sadvanzages. Rural
residents do not have 25 many modes to choosa from as their urban counterparts,
and are not able to reduce their miz-making by as much. Similarly, lower income
people are less able to purchase newer cars with higher fuel efficlency rai:ings. and so
may bear a large burden. Finally, tnere are important bordsr issues that would arise
if lowa had a 5.;01'].].{1\..31"'(1‘( Higher 5353 ne tax than its n:;gnocrs. As the tax
differential increased, the incentive 0 simply purchase fuel elsewhere would also
increase, thus undermining the radon aie fo the policy. In the worst case scenarie,
more travel would be undertaken to evade the tax and travel patterns would
remain unchanged otherwise. However, a small gas tax of 0.4¢/gallon would not be
a2 burden on the economy, and it would raise $32 “nillion per year to help fund the
Greenhouse Gas Action Plzr. Thers is some logic to achieving revenues for a




Greenhouse Gas Action Plan from the fuels that emit greenhouse gasses and other
alr pollutants. -

Discourage single occupancy vehicle trips

Although increasing fuel taxes is the most direct way to influence the relative
costs that people confront when deciding to use an automobile, a number of other
policy levers also discourage the use of single occupancy vehicles, especially in
urban areas and for work trips.

Parking regulations and controls. In areas out of attainment with federal clean

air regulations, the Clean Air Act Amendments of 1990 require that all employers
with over 100 workers introduce and maintain programs to reduce the number of
commute trips (Office of Air and Radiation, 1992). The goal for programs in
nonattainment areas is that the average vehicle occupancy for commute trips
increase by 25 percent. Even if such programs are implemented successfully, Orski
questioned whether the overall impact will be very significant. Studying the Los
Angeles area, he found that only 25 percent of all trips were to and from work, and
only 40 percent of these were to emplovers with over 100 workers (Orski, 1993). A 25
percent reduction in work trips to large work sites, if achieved, would only reduce
total trips by about two to three percent. While this is an important amount, it is
likely to be midgated quickiy by the general trend of higher numbers of trips. Iowa
currently has no nonattainment areas for ozone so significant reductions may be
even more difficuit to achieve.

The Principal Financial Group in Des Moines is concerned about the finandial
and environmental effects of their employees commuting to-and from work. There
are limited downtown parking spaces for employees of The Principal; 500 parking
stalls will be lost to the proposed Hillside Development. In addition to the lack of
parxing spaces, traffic congesnon, increased zir poilution, and fuel savings are other
important reasons why The Princi pal has adopted transportation policies
encouraging their employees to take buses and car pool.

Combined with the 475 existing bus riders, The Principal had a total of 840
empioyees that commuted by bus !zs: June. New employees of The Prindpal visit
with bus line representatives to learn zbous commuting options. The Principal fully
subsidizes the Des Moines Metropelitan Transit Authority (METRO) $22 monthiy
bus pass for their emplovees and has doubled their inter-city MTA Ankeny and Five
Oaks bus subsidies.

tn

Ride-share incentives also are offered oy The Principal. Quarterly drawings
will be held for cash prizes: $25 for 2 people/vehicle, $35 for 3 people/vehicle, and
$50 for 4 people/vehicie. In addition, two employees who car pool from July 1, 1993
through December 31, 1993 will win 2 grand prize of $300 in travel certificates.
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Telecommuting. Telecommuting is an option that could help to revitalize
small towns in Iowa. Employees spend mest or part of their work Hme at home,
and they complete their assignments and correspondence electronically by
computer. Because there are relatively few commuters in lowa compared to other
states, this is not a priority option that would result in major CO, emission '
reductions, but it is a trend with companies like Principal Financial that should
continue. Regional satellite offices could be established for large companies in rural
Iowa (where costs are low) that would reduce commuting distances and be linked to
other offices by computer,

Changing tax treatment of parking. In 1990, drivers reparted that they paid
nothing for parking on 99 percent of their automobile trips (Shoup, 1995). For
commuting trips to work, the proportion reporting that they paid nothing fell to
only four percent. Since commuting accounts for a si f*m_ﬂLant share of all trips and
vehicle miles, especially in peak hours, the fact that parking is provided at no cost to
drivers may lead to more use of automobiles than is socially desirable.

A number of studies have found that the removal of
employer-paid parking does have an effect on the share of work trips taken by single
drivers in automobiles. Studies to investigate this phenomenon have looked at the
removal of such parking (before/after study) or compared similar groups of workers
with and without this benefit (with/without study). Shoup reported that seven
studies from 1969 to 1991, mostly in Los Angeles, found that the modal share of solo
drivers falls on average from 67 percent when emplovers pay for parking to 42
percent when employees pav. The price elasticity of demand is —{0.15, indicating that
as the price of parking increases by 100 percent, the demand for it will fall by 13
percent.

In general, no sigruricant pudlic policy issue arnses with an empiover-paid
benefit such as parkj_ng. Empmj:asf and employees are free to negotiate terms of
employvment that both are willing to offer and accept. There are two reasons why
employer-provided parking may not provide for a socizlly optimal level of
automobiie usa. F*.rsk, the tax treatment of employer- provlcled _DL.rKJ_ng is not
neutral, Under the tax rules in effeer a2t the faderal level in most states, the value of
the parking that is provided for empioyess is not taxed. An employee who receives
parking worth S100 per vezr cosgs not have to pay tax (either federal, state or local) on
the additional income thus received. This advantage is likely to lead employers to
provide parking as an empioves benefit more than is socially desirable. Second,
affe"mg parking as a benefi: to empioyess is not a2 uniform beneiit, and favors
automobile use. If an employer offers free parking to those who desire it, and
nothing to those who do not, no incentive is created to use other modes, such as
cycling or transit, even though society would gain through the resources not used to
provide parking and the accompanying reduction in energy use and emissions.
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In 1992, California passed legislation requiring employers who lease parking
spaces for employees to offer an eguivalent cash amount to all employees who do
not use a space. The legislation has three important advantages:

* The price of parking is “revealed”
* Employees now have a choice and an incentive not to use parking

*  Employers have little added cost, as only spaces currently leased from
outside entities are affected

The state of lowa could adopt a plan to address the effects of employer-provided
parking on energy consumption and environmental emissions, The basic features
of such a plan would include one or both of the following policy changes:

*  Require employers to offer a “cash-out” plan for parking. Such a
requirement could initially cover only spaces leased on the commercial
market, or could be designed to include the cost of spaces provided by the
employer directly. This second approach would require the employer to

- set a monetary value on such parking spaces.

*  Include the value of an employer-provided parking space in an
employee’s taxable income. Alternatively, disallow the cost of providing
such spaces as a deduction from corporate income.

The simplest change, requiring a “cash-out” for currently purchased parking
spaces, would be relatively straightforward to administer. The employers involved
already know the cost of parking, who parks and who does not, and offering a choice
should be administratively easy. A “"cash-out” policy should be relatively popular.
35 employees are not required o $i0p using automobiles bur simply encouraged to
consider other ways to get to work. Empioyers would not be burdened by extra costs
above and beyond those already borne. '

These changes would be more difficult to get political support for and to
administer if they are also applied to parking spaces that are not currently bought
and sold, or if employees’ tax liabilities were 1o increase as a result.

A number of demonstration programs have been conducted to test the
effectiveness of “cash-ouis”. For example, in Seattle, two demonstration programs
were undertaken between 1992 and 1934 (Wong and Woo, 1994). In the first
program, called “Parking Pass,” workers at five major employers in downtown
Seattle were offered four free or reduced cost parking vouchers each month if they
bought a monthly bus pass. In the second program, “Cash in Your Car,” commuters
working for three employers who agreed to forgo a free or subsidized parking space
were given a casn payment instead.




The “Parking Pass” program had limited success in making workers who had
driven to work alone change to monthly bus passes. Of all the participanis in the
program (about half of all workers at the sites), the bulk had already been using
buses or a mixture of modes. Oniy nine percent had been driving single occupancy
vehicles. The program’s major successes were in allowing bus riders to have a few
days’ parking for use when needed, and in encouraging bus riders to buy monthly
passes instead of paying cash each day. The “Cash in Your Car” program was even
less effective. Only 26 workers out of an estimated 277 who were eligible (e.g., sales
staff, who received free parking but were not 'Equired. to have a car at work)
participated in the program. Most of those who enrolled used buses to commute.

When considering these findings and how they apply to Iowa, it should be
stressed that the “Cash in Your Car 1" ogram” was Gniv tested with employers
located in areas where the monthiy pﬂ*‘kmc charge exceeded $30. The limited appeal
of the ]::rmg:am even in this kind o em'"on"l@nt suggests that the impact in most
urban areas in Jowa would be very modest.

lowa is much more limited in its ability to tax the value of parking since federal
tax rates are 50 much higher. An employee who had to pay only state tax on a
parking benefit would feel much less impact than if the federal government adopted
this kind of policy.

Promote transit use

The most impoertant market for public transit has traditionally been the
journey to work. Job sites are often concentrated close together and the fact that
many users wish to make a irip at approximately the same time of day allows transit
operators to schedule services ciose together. Promoting increased use of transit as a
Way o LUl automobiie use will have 10 be successiul for work trips if this sirategy
is to have any S;UI'LIIJ.CEI';L effec: on overall uh"lﬁ'l]ﬂf"ﬂt 1O use,

Transit is used in a low share of work trips n the state of lowa. Transit
provides only 1.2 percent of all journevs to work. In the group of 24 larger cides,
transit promdes 2,5 percent of all aips. This average is raised by university
comumunities in Jowa City and Ames, which have far higher transit shares (10.0
perce*‘Lt in Iowa City and 7 & percent in Ames). In fact, the low overall ransit share
of work trips (1.2 percent statewide) masxs 2 (.3 percent share outsicle the 2¢ larger
cities and a 2.5 percent share within them. Any policy adopted in Iowa to promote
transit has to focus on larger towns in order to buiid on established transit systems.
Introducing new systerns outside thess cities would be expensive and almost certain
not to atiract signinicant numoers of users. )

In the short to medium term, transit use in Iowa can be promoted most
effectively through one of two objecdves:

. Further inrreases usage in comununities with relatively high transit use, or




*  Stimulate fransit usage in communities where the current level of usage
is relatively low

To have a significant effect on current modes used by lotwans, the state would
need to adopt coordinated measures involving employers, parking availability, land
use controls, and increased transit services. Because of the trend at the federal level
to reduce support for transit services, the state would have to commit funds to
increase transit services. It is probably true that improving transit use in already
well served communities is more likely to be achieved, but this increase would be
costly. It is realistic to expect only relatively small increases and even then, only for
work trips. Currently available transit resources are uniikely to be able to perform a
big role in Iowa for nonwork trips in the foreseeable future.

Improve fuel economy and vehicle emissions by
regulation and improving technology

During the energy crisis of the mid-1970s, Congress adopted a regulatory policy
to improve the energy efficiency of automobiles. A sat of Corporate Average Fuel
Efficiency (CAFE) standards were established. Automobile manufacturers had to
meet a fleet-wide average level of fue! efficiency that was set for 1978 model year
venicies at 18.0 miles per gallon (mpg) for automobiles, rising to 27.5 mpg for the
1985 model year. Standards for light trucks were about one guarter lower (National
Highway Traffic Safety Administration, 1993),

The improvements in fuel efficiency that CAFE standards and higher energy
prices have precipitated are starting to level off. Greene notes that 1992 and 1993
probably represented two consecutive years of declines in average miles per gallon
for the fleet of automobiles and light trucks in the U.S, (Greene and Fan. 1995Y. The
Increasing efficiency or ezch automobile has been offsar by two factors:

*  the number of people in ezch vehicie has declined, although data on
average vehicle occupancy is only collected occasionally, and

*  more people are buying light tucks, minivans, or vehicles with four-
wheel drive.

On average, passenger cars in 172 carried just over two people (Greene and
Fan, 1995). By 1999, occupancy averaged only 1.62 people, indicating that average
Occupancy has fallen by 21.7 percent in two decades. The occupancy of light trucks
has fallen a smaller amount, from 2.02 peopie per vehicle in 1972 to 1.72 in 1990, for

a decline of 14.9 percent.

Light trucks and minivans comprise a larger share of new vehicle sales in the
1930s than was true in the 1970s. This trend has led fuel consumption of the new




vehicle fleet to be somewhat higher than would have been expected otherwise,
given the improvement in the fuel efficiency of automobiles.

Greene estimates that the falling occupancy rate is largely responsible for
keeping the level of energy use h.nhe: than would be ewecued aiven increases in
fuel efficiency (Greene and Fan, 19“;1, Changes in buyers’ preferences for light
trucks have also contributed to this trend, but to a much smaller degree.

Many economists have argued that a regulatory approach such as CAFE
standards is an ineffident mechanism for increasing energy conservation. For
example, Nivola and Crandall (1995) contend that CAFE standards have had two
effects that work counter to its intent, given a stable real cost of gasoline. First, CAFE
standards have reduced the marginal cost of driving for people using new vehicles,
since they are more fuel efficient. SEL:&mdly, since the standards have contributed to
increasing the real cost of new vehicles, there is an incentive to Leep older vehicles

with low fuel efficiencies on the road longer. Instead, Nivola and Crandall argued
that a policy focused on mr::reasmg the cost of fuel would have just as much impact
on energy consumption but with fewer other costs. "r'hey estimate that a tax of 25
cents per gallon, if it had been introduced in 1986 as oil prices fell, would have led to
as much energy saving as CAFE standards over the entire period of 1978 to 1992 (p.
56).

There are two basic problems regarding transportation in lowa depicted in
Figure 16. The top panel shows that the number of old vehicles (1982 models and
oider) is a reiauvei}r large fraction of the total. These older vehicies do not have
efficient emission control devices for carbon monoxide, nitrogen oxides, and
hvdrocarbons. They aiso give low fuel efficiencies (low miles per gallon). Second,
the trend in the mixture of vehicles sold increasingly favors multipurpose autos
{vans and light trucks) with a mzjor cecrease in small, fuel efficent auros Lo saies
since 1988. This is a federal trend that is difficult to address with state policy.

N
E'.L

Economic ingentive progzams.  An zlternative policy mechanism to encourage
people to purchase fuel efficient venicles has been ﬂ':}ﬂused by Brett Johnston at The
University of Iowa Public Policy Canrer in 1894, entitled, "A anr‘m Alternative to
Achieve a More Efficient 2nd Effzctive CAFE Standard”. He fie'»'ised a modified

automobile registration system. whereby purchases of new vehicles attaining greater
than a specified fusl EFnr:E:‘.;:v would receive a rebate. Those purchasing VEhlf_lES
with less than this level of fuel efficiency would pay a fee. The rebate or fee would
increase for vehicles with fuel efficiencies farther above or below the reference level.
Johnston suggested that after actounzng for administrative costs, the rebate/fee
systern should be essengdzlly revenue neural
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While this pricing system would only affect the new car fleet, it could provide a
significant economic incentive to purchase fuel efficient and less polluting vehicles.
Table 11 illustrates how a rebate/fee system could influence the price of new
automobiles. In the table, Johnston demonsirates one possible rebate/fes schedule;
the rebate or fee level is linear with the amount by which a vehicle's fuel efficiency
differs from the sales-weighted average of all vehicles. Table 11 does not inciude all
possible models of new automobiles, and as such itis only illustrative. Also, sales
are national: an Towa rebate/ fee schedule should be based on prior-year sales within
the state because the vehicle mix is likely to be different from that of the nation.

It is difficult to estimate accurately the increase in fuel efficiency a rebate/fee
system such as this would contnibute. It would depend on the price elasticity of
demand for different classes of new vehicles, The magnitude of the impact would
also depend on how aggressively the rebate/fee system Is structured. If the
rebate/fee system were able to raise the average fuel efficiency within Iowa by two
miles per gallon by the year 2000, about one million fewer tons of COp would be
emitted annually.

The advantages of this pricing system are twofold. First, uniike CAFE
standards, it is market based, at least to a degree. Second, it can be dynamuc (e.g. as
the average fuel effidency of new venicles increases, the reference level can be

raised correspendingly).

Alternative fuel use. Another way to achieve lower emissions 1§ to use fuels
other than gasoline and diesel. Ethancl can be blended with gasoline in ratios from
85%-by-volume (E-85) down to 5%-by-volume (E-5). A recent report by the
Organization for Economic Cooperation and Development (OECD) examined the air
quality and greenhouse gas effects of different alternative fuels that could be adopted
(European Conference or Mirusters or Transporr, 1933). The report concudes that
governments have different policy choices depending on other policy
considerations.

E-10 fuel (10% ethanel and $0% unleaded gasoline) is rapidly increasing its
market penetration in Iowa. Although the total consumption is still minor, E-10
fuels have penetrated 40-15% of the market and are increasing.

]

In situations where self-sufficiency is important, governuments should promote
alternative fuels that are abundan: locally, such as natural gas in Norway. If
governments wish to pursue economic efficiency, then only liquefied petroleum gas
(LPG) and natural gas appear desirable in some locadons. If the major goal is to
achieve short term environmental benefits, then natural gas and LPG look most
promising. In the longer term, the most desirable sources of fuel are nonfossil fuels
(if practical), along with hydrogen, eiectric, and fuel cell sources.

1 [t should bs poted that 13 Johamon's example. rebates account for 2aly 70 pervent of the fees culiested, Secmuse administrasive costs are Dol
likely 1o be very rubmantal, it weuid be pasnble 1o mue Ui3 persemiegs, perhaps 25 Righ 23 33 percest. Mate, (oo, that the sales and
repaieife= fipures 1o Table |] are cauesal, beoce, the largs raives
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The OECD researchers also conclude that, for the near future, if the goal is to
decrease emissions of gases that may promote global warming, governments can
only seek to “dramatically reduce overall consumption of fuels”.

At present, the number of vehicles that run on alternative fuels in the U.S. is
quite low but growing rapidly. In 1995, an estimated 418,000 vehicles in the s
used such fuels, dominated by the 299,000 LPG vehicles (Bureau of Transportation
Statistics, 1995). These vehicles represented only 0.2 percent of all vehicles in use.

Advanced vehicle technology. The Office of Technology Assessment has
examined the potential impact of advanced vehicle technology (Office of
Technology Assessment, 1995). They used two assumptions in evaluating future
designs. First, vehicles would have to have the performance characteristics of 1995
automobiles, so that vehicles with ranges of only 30 or 60 miles were not considered.
Second, vehicles would have to be capable of being produced in large numbers, so
that they could have a significant impact on overall emissions and fuel use.

Improvements that technology could bring about include better construction of
conventional automobiles (lighter steel), use of electric vehicles, hybrid electric
designs. and fuel cell vehicles. OTA concluded that the technical potential exists to
have vehicles in 2015 that are 50 to 100 percent more fuel efficient than those
produced in the mid-1990s. However, OTA estimates that these advanced vehicles
will cost substantially more and that the potential for commercialization is therefore
somewhat limited, without a substantial increase in the price of fuel.

Adopting advanced technology as a means of improving efficiency is an
attractive policy because it does not directly reguire that fuel prices be increased as a
deliberate governmental action. Nationally, prograss toward limiting COs
emissions to 1990 levels by the year 2000 has been reported as unlikely to be
achieved; the Clinton administration is pursuing an improved technical efficiency
strategy as a major way to resume progress (New York Times, 1923).

In the short run, Iowa cannot antly reduce emissions by regulating fuel
or emission standards directly. The state is too small to adopt independent
standards. Moreover, standards have been found to be a very blunt tool at the
national level, so fuel tax changes should be used to improve etficlency if this is
desirec. Iowa could, however, modifv its new automatic regisiration system to
inciude a rebate/fes component. Alternative fuel use is unlikely to be widely
adopfed until well into the next century. Ethznol use has some environmental

benefits but does not produce dramatic reductions in emissions, such as may be
possible with hydrogen fueled or nionfossil fuel electric vehicles in decades ahead.
Advanced technology is also likely to bear significant fruit in future decades and
progress is likely to be driven by national policies and not those of individual states.



Railroad Freight Transportation, Nationally, there is a gradual increase
occurring in trailer-on-flatcar (TOFC) railroad freight transportation. TOFC has
significant implications for energy and emissions becausa longer so-called “unit
trains” consume far less fuel on 2 per-ton-mile basis than semi-trailer trucks do.
According to Blevins and Gibsen (1991), trucks produce 3.78-Hmes more CO»2 than
unit trains. OECD places the ratio at approximately ten to one (European
Conference of Ministers of Transport, 1994).

Iowa is a bridge state, meaning that enormous amounts of cargo traverse the
state both east and west and north 2nd south. To the extent that the state can
facilitate rail freight transportation, the level of COz2 emissions along major
transportation corridors could be reduced greatly. To be sure, the emergence of
TOFC as a means of long haul freight transportation is much more a result of
market realities than public policy. Rising truck driver labor costs in particular are
influencing modal choices. Yet by making rail transportation across the state as

expeditious as possible, lowa can facilitate TOFC.

Transportation Summary

A variety of public policy Options exist to reduce the amount of energy
consumed by the transportation sector in Jowa. Generally, such actons will result
in diminished COs emissions and thereby help reduce the threat of undesirable
changes in climate patterns. The authors have dismissed a number of these options,
focusing on approaches that could be adopted by the state of Jowa. To provide a
context for the analysis, the authors first reviewad two major national documents
that explore how transportation policy can help reduce CO; emissions. Some of the
recommendations in these documents are more relevant to lowa than others. The
recommendations that are pertinent to Iowa have been taken into account in the
primary analysis, i.e. policy actions that could be taken within the state.

Travei drcumstances in lowz are diferent from those in many other more
urbanized states. While it has the nation’s highest labor participation rate, the state
is not dense enough to support public transit to any great extent. Almost three
quarters of all work trips are in single o cupant vehicles. Iowans’ vehicles on
average are older and less fuel efficient than is the cass nationally.

Taking lowa's travel circumszances into account, this Action Plan has analyzed
four classes of policy opticns to reduce COy emissions in the state’s transportation
sector. The first is to increase motor fuel taxes. We conclude that a sizabie fuel tax
increase would help, but Dy itself it probably would not greatly reduce vehicle miles

ftravel. This is because most rural o Ds are not very condudve to alternative
ransportation modes. Equity issues are serious, as well,

Discouraging single oceu pancy is 2 second type of policy action. Cashing out
employer-provided parking has some potenual in denser urban areas, of which
lowa has few. In most communities within the stats, the monthly parking charge
would be too small to make much of 2 difference in the commuting choices of
employers,




A third type of policy action is to promote ¢ Dur.}hh transit. With only 2.5 percent
modal share for transit in Iowa’s 24 largest communiZes, & very large percentage
increase in transit trips would need to occur for s:gn..f;r:f-'rt reduc‘mns in vehicle-
genera;ed CO7 emissions to be accomplished. Worse still, the potential for any
increases in transit ridership is not large, With the state’s low pcrpulatmn densities
and the dispersed nature of many trips—especially those in rural areas—transit is
unlikely to make significant inroads.

It is the fourth type of policy action that has the greatest potential to foster
reductions in CO; emissions: improving vehicle fuel eff ficiency. One way to do this
is through a modified registration system for new vehicles that involves a rebate fc:
vehicles with comparatively high fuel efficiency and a fee for those that achieve
‘fewer miles per gallon. Depending on how aggressively the rebate/fee system is
structured, significant economic incentives can be created to purchase fuel efficient
automobiles. The state can also provide incentives to motorists for them to burn
relativelv clean fuels. Finally, it can encourage railroad shipping by working to
remove barriers such as vehicie-rail conflicts at grade crossings.

Beyond adopting public policies that directly affect travelers within its borders,
lowa can work with other states to influence the adoption of federal polides to
conserve energy and reduce CO» emissions.

A summary of the Priority Options and Maximum Feasible Reductions that are
recommended for the Transpﬂr:anmr. Sector are given in Table 12. The state
programn for Rebates/Fees on vehicles based on their fuel efficiency could be
mandated by the State Legislature and Governor. It would be run as a revenue
neutral system whereby owners of fuel efficient vehicles would be given a rebate by
the Stat_, and owners of new inefficient vehicles would be assessed a fee at the time
of vehicle registzation

TABLE 12
Transportation Sector Priority Options and
Maximum Feasible Emissions Reductions

to the Yezr 2010 from 1990 Baszline Year

Annual CO,
Reductions
million tgns/vr
Priorii Hon
Velucle E'FﬂC.EI‘.E‘r (Revenue Neutral Rebate) 29
Discourage single occcupancy trips 0.18
Vehicle efficiency (Revenue Neutral Rebate) 41
Discourage Esn;i“ ocoupancy trips 0.36
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Utility
Emissions Trading

The Minnesota Public Utilities Commission voted on September 23, 1996 to
accept a $0.28-32.92/ton of CO, valuation for the global warming impacts/costs of
carbon emissions from utility power plants. They did so on the basis of a damage-
cost assessment offered by the Minnesota Pollution Control Agency - the first time
in the country that anyone has established a value using such a method in a
contested case. These dollar estimates are net present value estimates that account
for the time value of money. It begins to establish a market value for carbon dioxide
emissions that would be necessary in an emissions trading scheme.

A global, national, or regional carbon dioxide trading system could be used
effectively to reduce overall greenhouse gas emissions while making pollution
control a less expensive effort. Avoidance of emissions by energy efficiency would
allow industries to make money by selling allowances to others.

The CO, Emission Allowance System could be structured similar to the sulfur
dioxide allowance system that was established following the 1990 Clean Air Act
Amendments. It is handled through a large mercantile exchange, the Chicago Board
of Trade. Allowances would be allocated to each emitter based on their baseline CO,
emissions. Allowances would be purchased by new and old industries seeking to
expand production. They would be sold by contracting and/or innovative
industries with unused allowances. Thus, emitters would develop more cost-
effective measures to contral CO,, and entrepreneurs would be encouraged to
develop innovative new emission control technologies. Free trading and variable
price allowances would permit market forces to continually adjust the allocation of
emission rights (Colten et 2l 1005

It is a difficult program for lowa to enact alone. Rather, the state should
encourage the Federal government to adopt an innovative CO, Emission
Allowance System that would reduce carbon dioxide emussions equitably and
efficiently. Deregulation of the uality industry makes market-based incentives a
sound economic mechanism to obtain future emission controls in that important
sector.

Nuclear Energy

Nuclear energy is generated at the Duane Arnold Energy Center at Palo, lowa
and the Mid-America Plan: at Cordova, Tlinois. Nuclear power results in very little
greenhouse gas pollution and, thus, it nelps to reduce emissions in Jowa greatly.
However, due to uncertainty about nuclear waste disposal, decommissioning of
plants, and public acceptability, we do not foreses new nuclear Power being a viable
option in the Hme frame of 1997-2010.




Renewable Energy

The State of lowa has a program under the 1991 Energy Efficiency Act that
requires utilities to purchase 105 megawatts (MW) of alternae-energy power (wind,
alternate fuels, or biomass). A deadline was not written into the legislation, so few
purchases have been made to date. Iowa is a state with abundant wind power
resources, but it can only be generated at a cost of ~4-6¢/kW-hr, which s greater than
coal-fired power plants burning western coal at 575/ ton, less than Z¢/kW-hr at
existing plants. Iowa's industrial electric rates are very low in reiation to
surrounding states, so it is difficult to establish renewable energy sources despite the
favorable setting for wind and biomass power (Table 13). However, with open access
(increased competition among utilities), industrial electric rates are expected to
become more uniform among States in the future which could raise lowa utility
rates to levels that would make renewable energy projects more cost competitive,
especially for new generating facilities. On the other hand, if competition causes
rates to be lower throughout the nation, renewable energy options would be hurt.

TABLE 13
Comparison of Industrial Electric Rates
(Source: 1994 EIA Form 861, Schedule IV)

Industrial Electric

State Iates, 5/kW-hr
Illinois S 0.0530
Kansas 0.04591
Misspuri 0.0481
South Dakotz 0.04z3
Minneszota 00433
Wisconsin 0.0383
lowsa 0.0389

Procuring renewable energy is not just 2 function of utility rates and the cost for
wind, solar, or biomass power. Itis zlso a function of public support and state and
federal energy policies. In 1956 the State of Iowa, In effect, lost its minimum energy
effidency requirements for utiliies, but it gained a revelving loan fund for
renewables (Senate File SF2370). lowsz's investor-owned utilidss have established a
$5 million reveolving-loan fund over a three year period at the Iowa Energy Center
to encourage development of zlternate energy productdon facilities. Also, the Iowa
Energy Center has built a model energy efficiency building to demonstrate the
remarkable savings possible in residential and commercial buildings. In addition,
the Jowa Utiliftes Board has given investor-owned utilities a deadline of February 9,
1597 to accomplish the 105 MW renewable goal
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Voluntary programs would be the favored way to achieve the expansion of
renewable energy, but utilities are reluctant to invest in new programs until they see
how restructuring in the industry will develop. Utilities are already investing
millions of dollars in customer gfficiency programs (demand side management),
and these programs will continue or even expand by the year 2010: Spending on
energy efficiency programs by lowa utilities topped $76 million in 1954 covering
226,000 residential and business customers (Weisbrod et al., 1995). Most of the
benefits went to residential customers for improving lighting efficiency and HVAC
(heating, ventilation, and air conditioning) equipment.

Hagler-Bailly Consultants completed a report on the Iowa economy in 1995
which showed that biomass production for electric power and energy efficiency
programs were good investments for Iowa's economy. Investing 80 million in
energy efficiency programs resulted in 25 job-years per million dollars invested, 514
million per year of new income for lowans, and $1.50 of additional disposable
income per dollar invested. Biomass energy production from switchgrass created 84
job-years per million dollars invested and 51.45 of additional disposable income per
dollar invested. The job impact of biomass energy is particularly high, compared to
energy efficiency and wind energy, because it creates a demand for a product which
is produced entfirely in Iowa. With increasing demand for power in lowa, there is
an opportunity for wind power and biomass industries to develop.

This Action Plan assumes that Iowa utilities will purchase 105 MW of wind
power by the year 2000 and an additional 105 MW by the year 2010. Public
acceptability, utility /community good-will, and lower prices for wind power will
encourage the modest result.

Public Emission Inventary

in 1986 e Toxic Reiease Inventory {TRI} reporting program was begun under
the Superfund Amendments Reauthorization Act (SARA). The TRI program
requires large users of toxic chemicals to report their usage and emissions of the
specified chemicals to air, land and water. These surveys are public, and they are
published as top ten lists of toxic emitters within the state. In most cases, the
indusiries on the top ten list have :aken actions to reduce their emissions of these
chemicals to get their facility off the list and to improve public relations. The nature '
of this rule is not command-and-control regulation, but rather it allows industrial
sources total flexibility in achieving reductions. Nationwide, reported emissions of
these toxic chemicals have been recuced by nearty 30 percent since 1987.

Under this acton plar, a reporting system is proposad for greenhouse gas
emissions. While greenhouse gas pollutants do not carry the social stigma that the
toxic chemicals maintain, it is believed that some degree of significant emission
reduction can be gained through implementation of such a program. Because the
program could only be in place for a few years prior to the year 2000, annual
reductions of only 1.0% will be estimated across industrial and utility sectors.
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However, long range reductions could increase dramatically with proper emphasis
on the results in publications, and a growing realization of the seriousness of
continued greenhouse gas emissions. Annual reductions of 5% are forecast by the
year 2010. It will be important to clearly identify energy efficiency through an
efficiency index as well as emissions in the Public Emission Inventory, so credit is
given to large utilities that have pursued energy efficiency and renewables
programs.

The Energy Information Administration already promotes a Voluntary
Reporting system for Greenhouse Gases (Forms EIA-1605 and 1605EZ available
clectronically : http:/ /www .eia.doe.gov}. These forms would be used to begin
Towa's CO, Emission Inventory. Many fowa utilities are already participating in the
Federal Climate Challenge Program where emissions are voluntarily reportec.

As a part of the U.S. DOE Climate Challenge, utilities have been encouraged to
work with their end-users to develop voluntary, cost-effective measures to reduce
energy consumption and greenhouse gas emissions. The American Public Power
Association (APPA) has provided estimates of savings to date, wiich show a 1.53%
reduction in greenhouse gas emissions from 1990-1993. We will assume annual
improvement of the savings figure at 0.5% per year by the year 2000 and 0.75% per
year by the year 2010, believed to be a conservative estimate.

Table 14 is a listing of the recommended Priority Options and Maximum
Feasible Reductions for the Utility Sector. These policy options are largely
voluntary. Demand-side management is already an on-going utility program. The
Emission Inventory could be implemented as a voluntary program or be made
mandatory (requiring State Legisiative acuon). In either case, the Inventory should
be accomplished in such a way that the cost to utilides is minimal.
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TABLE 14
Utility Sector Priority Options and
Maximum Feasible Emissions Reductions
to the Year 2010 from 1990 Baseline Year

ﬁ.’ﬂnl.lﬁi CUZ
Reductions
million ions/vr

Priority Options

CO, Emisston Inventory (1% per .year) 1.4
Wind Power (105 MW) by 2000 0.28
Demand-Side Management 0.2
Emissions trading 2.0
Maximum Feasible Reductions
CO, Emission Inventory (5% annual reduction) 23
Wind Power (210 MW) by 2010 0.56
Demand-Side Management 1.0
Emissions Trading 35
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Commercial and Industrial

Commercial Programs

The Iowa Department of Natural Resources, in partnership with federal
programs, utilities, and other stakeholders has initiated various programs targeting
the commercial sector which will improve Iowa's energy independence, its
economy, and reduce greenhouse gas emissions. The following commercial sector
programs are relevant: Building Energy Management Programs (includes the Iowa
Energy Bank Program and the State of Iowa Facilities Improvement Corporation),
Rebuild Iowa, and Energy Star Buildings/Green Lights.

Building Energy Management Program

The Building Energy Management Program is a comprehensive program
which uses energy savings to repay financing for energy management
improvements. The program serves state facilities, schools, hospitals, private
colleges, and local governments by arovlazng sound technical advice to identify
potential improvements and financing to install the energy improvements
expediently. Financing is structured so that energy savings cover the cost of the
lease cr loan payments. The program removes the most often cited barrier to
implementing energy improvements -- an inadeguate supply of money. Through
local and regional investment banks, the program uses private funds in
combination with minimal state and federal support to achieve its goals.

The overall goal of the Building Energy Management Program is to facilitate
the impiemeniation of all cost effective energy management 1mmrovemeﬂt5 with an
coregate paybam of six years or less. An investment of 3300 million in public and

on DIGI:T faciiities is ant La-..-'-I'J-LE:-_-.-. This investment will result in £59 mitlion in
annual s savings for Jowa's taxpavers. Additional benefits expected include creating

12,000 new jobs and the reduction of 1 million tons of CO,, 1,600 tons of NO,, 2,000
tons of particulate, and 18,000 tons of £0,. To date the program has identified $134
million in energy improvemenis, implemented $30 million in improvements and
s generating a cumulative annual savings of §14 mullion.

Rebuild lowa

The Rebuild Jowa Program is an opportunity for [owa communities to create
jobs, reduce pollution, improve infrastructure, and increase their quality of Life.
Through a federal grant, the Department of Natural Resources has competitively
selected five JTowa "showcase communities” to potentially participate in the
program. These communities will invest in cost-effective energy improvements i
their schools, hospitals, local governments, colleges, commercial and industrial
facilities, and multi-famiiy dwellings.

Ly
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Through Rebuild Iowa, communities will have the opportunity to develop
self-sustaining initiatives that save energy dollars, produce economic development
and additional jobs, and implement capital improvements. It is the goal of the
program that every building in Iowa will have the opportunity to become energy
efficient — decreasing our dependence on fossil fuels, lessening emissions, and
enhancing our economy. As buildings become more efficient through Rebuild, they
will serve as examples for similar facilities in other committed communities. With
energy efficiency management as a priority, Iowa's communities wiil be rebuilt - one
community at a time.

Energy Star Buildings/Green Lights

Implemented in concert with the Building Energy Management Program and
Rebuild Jowsa, these federal programs are designed for the commercial sector to
improve efficiency in heating, cooling, and air handling equipment. The programs
seek to create parmerships between utilities and commercial institutions to reduce
energy demand. Estimated savings of 0.56% per year by the year 2000 and 0.83%
annually by the year 2010 are predicted from baseline emissions forecasts, lowa is
not currently a participant in the program, but will incorporate into its existing

prograrms.
Industrial Programs

The Jowa Department of Natural Resources in partnerships with utilities and
other entities in the state has initiated a number of programs to serve the industrial
sector. The programs include Climate Wise, the Total Assessment Audit, and
Motor Challenge.

Climate Wise

Climate Wise is a voluntary progzam that stimulates comprehensive industrial
actions to. enhance energy efficiency, prevent pollution, reduce greenhouse gases,
and thus, increase profits. It does 5o by recognizing industry’s actions and by
providing information and assistance on = range of emissions-reducing
opporturutes. Companies are encouraged to adopt creative, Organization-specific
measures that limit or reduce emissions such as:

* tering production processes,

* Switv:hing to lower-carbon-content fuels and renewable energy supplies,
*  Substtuting raw materizls, .

* . Implementing emplovee mass transit or carpool programs,

® Auditing and tracking energv use for efficiency improvements.

Nationally stated goals of the program are to enroll 650 companies by the year

2000, representing 20% of U.S. industrial €ne:gy use with a savings goal of four
quadrillion BTUs annually. Studies by the US. Department of Energy, the Office of
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Technological Assessment, and the Alliance to Save Energy have estimated savings
potentals of 12-37% for industrial energy consumption. As of June 1995, tha
program has received commitments from three percent of TU.S. indusiry. lowa
projections for the impact of this program by the year 2000 are set equal to five
percent of the 1990 industrial sector usage.

Total Assessment Audit v

The Total Assessment Audit (TAA) is a holistic approach that encourages the
pursuit of energy efficiency opportunities in industrial facilities, andc in Iowa works
in conjunction with the climate Wise program. The TAA encompasses 2 thorough
review of operations, including an analysis of waste and procuctivity. The audit
identifies ways for,a customer to improve energy efficiency, reduce waste and costs,
and generate greater productivity. The goal of the audits is to help industria
custormers enhance their competitive position and imprave their economic

viability.

The Crane Valves' plant in Washington, Towz is an example of a company
using the TAA as a basis for making changes that resulted in the better use of energy
resources. The audit yielded recommendations that will save the foundry operation
an estimated $302,000 ezch year, including $83,800 in annual energy costs.

Motor Challenge

Mator Challenge is a 1993 US Department of Energy program wiich promotes
energy-efficient electric motor systems, and works in concert with Iowa’s industrial
programs. These systems offer significant opportunities for improving efficency
throughout every secter of the economy, The Motor Challenge Frogram is an
industrv/government partnership designed to help industry capture 25 billion
xilowatt hours per year of etecical savings by the year Z000.

Motor Challenge is important because electric motor systems account for
almost 75% of the electricity used in indusiry. The program’'s main objecaves are to
increase the market penstration of efficieat electric motor and drive systems in the
industrial sector, improve indusirial competitiveness and productivity, save energy,
and decrease indusirial wasee and pollution. Motor Challenge will allow our
nadon’s indusiries to save 313 billion annually in energy costs by the year 2010, and
these savings would result in dramatically improved competitiveness for industry
and a reduction of 44 million tons of greennouse gas emisslOns.

Golden Carrot
This cooperative program between utilities and manufacturers s to stmulate

faster development of energy efficiency improvements in industrial heating and
cooling equipment. Annual savings of 0.725% are estimated by the year 2000, and




1.09% annual savings are estimated by the year 2010. Iowa is not currently a
participant in the program.

Source Reduction and Recycling has also been put forward by the federal plan
as an effective means to reduce gresnhouse gas emissions through reduced energy
consumption. The U.5. Environmental Protection Agency is already changing
methods of regulation to include source reduction as an alternative means of
controlling emissions and encouraging recycling. Annual savings of 1.05% are
forecast by the year 2000, and annual savings of 1.58% by the year 2010.

A summary of the recommended Priority Options and Maximum Feasible
Emission Reductions for the Commercial and Industrial Sector are given in Table
15. These policy options are, for the mast part, on-going and voluntary. The
Emission Inventory could be voluntary or mandatory (requiring State Legislative
action).

TABLE 15
Commercial and Industrial Sector Priority Options and

Maximum Feasible Emissions Reductions
to the Year 2010 from 1990 Baseline Year

Annual CDE

Reductions
million tons/vr

Prigritv Qptons

Iowa Energy Bank and State Programs 0.08
Motor Challenge /Federal Programs/TAA 21
Emissions Trading 2.0
CC, Emission Inventory 1
CMaximum Feasible Reductions
Iowa Energy Bank and State Programs 0.2
Motor Challenge/Federal Programs/TAA 4.2
Emissions Trading 3.2
CO, Emission Inventory 2.0




State Residential Programs

Residential energy efficiency options include constructing new homes to
conform with the Model Energv Code (MEC), utilizing Iowa's Home Energy Rating
System [HERS} and increasing the knowledge and use of Eﬂercrv Efficient ‘VIGrtﬂ'aUES
(EEMS). The Iowa State Building Energy Code is part of the State Building Code
which includes the 1992 national MEC. Results from a 1994, "lowa [oint Uflflfzes
Tusk Force Residentinl New Construction Baseline Study” by Kemper Management
Services and Southern Electric International, indicates only 10 of the 135 homes
surveyed (7 percent) passed MEC compliance. Lack of basement insulation and glass
and wall insulation were the primary reasons houses failed. According to the study,
the average homeowner would save about 5170 annually with properly installed
basement wall insulation.

To improve implementation of existing building codes, the Iowa Department
of Natural Resources, in cooperation with the Jowa Energy Center is sponsoring
building energy efficiency and code education programs for builders and building
officials. These programs will increase understanding and compliance with the
MEC, which will increase the energy efficiency of Iowa's new nome constructon.

In additdon, the Iowa Department of Natural Rescurces developed the Iowa
Home Energy Rating System in a collaborative effort with Mid-lowa Community
Action, Inc. The statewide lowa Home Energy Rating System, called Energy Rated
Homes of Iowa (ERHIa), is designed so real estate agents, homeowners, home
buyers, lenders and builders can systematically evaluate the energy efficiency of a
home. Utility bills are the largest expense of home ownership after mortgage and
tax expenses. Money saved on energy costs in energy efficien: homes may be applied
toward higher morigage payvments. Energy Rated Homes of Towa can help
homeowners more =asily sell an energy efficient home, helo homeowners make
decisions about the best energy saving improvements to instzil, and help buvers
compare homes for energy efficiency to qualify for a larger morigage.

A home energy rating will:
¢ ldentify areas or a home that are wastdng energy and money and suggest
the cost effective steps to fix those areas.

*  Provide the documensation nesded to take advantage of the financial
incentives for buying an efficient home or improving an existing home.

* Assure that a newiv constructed home meets the 5tate Building Energy
Efficiency Standard.

¢ Identify how efficiently a home uses energy for heating and cooling
purposes, similar to the EPA rating given to cars stating the estimated
miles a car will go on a gellon of gasoline.

*  Give you more house for your money and more money for your house.
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A comprehensive home energy rating involves an energy analyst evaluating
many factors in a newly constructed or exis ting home to determine the overall
energy efficiency of the home. Factors in this analysis include the size and type of
house, construction materials used, window area and tvpe of glass, orientation to
the sun and solar gain, the tightriess of the home and amount of insulation, and the
type and level of efficiency being achieved by current heating, cooling, and water
heating equipment. All of these factors go into the calculation of the house's total
energy efficiency. The level of efficiency is expressed in a rating of one to five stars,
five stars being the most efficient. A home energy rating provides a framework for
developing procedures with lenders for creating energy efficient mortgages (EEMs).
Homes with ratings of four stars or higher are eligible for EEMs.

U.S. Golden Carrot

Gelden Carrot is a federal program to commercialize new energy efficient
appliances for use in the residential sector. This program, combined with new
residential standards for central air conditioners, furnaces, refrigerators, room air
conditioners, water heaters, direct heating equipment, mobile home furnaces,
ranges and ovens, pool heaters, televisions, and fluorescent light bulbs is predicted
to achieve 0.99% annual savings in greenhouse gas emissions from the residential
sector by the year 2000 and 1.49% arnual savings by the year 2010.

Under the 1992 Energy Policy Act, further improvements in appliance
efficiency standards are mandated, but the rules have been delayed at present.
Appliance efficiency standards wiil generate huge emission savings during the life-
cycle of those appiiances, equal to about 3% of the annual projected national energy
consumption. Iowa should be a leader in ensuring that federal reguirements are not
rolled back. Towa will save at least 2.1 million tons/ yr carbon dioxide emissions
with these.federal programs. With top industries such as Maytag, Amana, and
Lennox, Iowa could be z leader in these Drograms, Dur it does not partddpate
presently.

The recommended Priority Oprions and Maximum Feasible Fmission
Reductions for the Residential Sector are shown in Table 1. These programs are
largely on-going and voluntary.
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TABLE 16
Residential Sector Priority Optiens and
Maximum Feasibie Emissions Reductions
to the Year 2010 ifrom 1990 Baseline Year

Annual CDZ
Recuctions
million tons/yr

EriQriH Cotions

State and Federal Programs
(MEC, HERS, EEM) - 087

Maximum Feasible Reductions

State and Federal Programs
(MEC, HERS, EEM) 1.3
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Cross-Sector
{Carbon Tax Discussion

Although greenhouse gas reduction is not the goal of a small carbon tax, a
carbon tax could be a critical component of a cohesive action plan by providing a
funding mechanism for implementation. The tax would also begin the process of
internalizing the sodetal costs that polluting fuels cause through increased
greenhouse gas emissions per unit of energy produced. Minnesota and Oregon are
presently considering implementation of a carbon tax. As stated in “lowa Energy
Production and Use: An Inventory of Greenhouse Gas Emissions” (Ney, 1992) a
carbon tax of 40 cents per ton of CO, emitted would raise $31.5 million dallars
annually which could fund other options to reduce greenhouse gas emissions. The
impact to the typical consumer would be quite small however;

Impact on monthly residential electric bills (500 kwh/month) 32 cents/month
Impact on natural gas heating bills (220 therms/month) 53 cents/month

Impact on propane heating bills (300 gallons/month) B4 cents/month
Impact from gasoline use (100 gallons/month) 40 cents/month
Impact from diesel fuel use (100 gallons/month) 44 cents/month

The goal of a tax at this leve] is to begin the process of adding societal costs to
polluting fuels, and as a result, cleaner alternative fuels would eventually become
more economically attractive. Revenues from the tax could be used to promote
renewable fuels and reforestation in Towa. Increased development of indigenous
renewable energy resources will reduce energy expenditures leaving Towa, increase
jobs, and reduce greenhouse gas emissions.

Four Scandinavian countries have adopted carbon taxes. Sweden has adopted a
tax of $70 per metic ton of carbon (approximately $17/ton L5 or 17 cenes per gallon
of gasoline, Table 17). The Commission on Sustainable Development of the United
Nations is charged with implementing Agenda 21, the ambitious action pian for the
Z1st century that was proposed at the 1992 Earth Summit (United Nations
Conference on Environment and Development) which proposes a large carbon tax.
Carbon taxes are recognized as an effective way to change corsumer habits and to
encourage energy efficency, but they may also prove to be a drag on the economv.
Many feel that it is better to reduce emuissions by voluntary actions when possible.
Thus, a carbon tax is not recommended as a Priority Option in this Plan, but the
costs and benefits of such a tax are discussed here as one possible alternative for
Towa.



TABLE 17
Cost Comparisons of Sweden's Carbon Tax (517 /ton CO, emitted)
to a Small Carbon Tax {$0.4/ton CO,) if levied in Iowa

Sweden's Tax .- Small Tax

Fuel Taxes/ fuel Taxes/fuel
817 /ton CO, 50.40/ton CO,
Gasoline 17¢/gal O.de/gal
Diesel 19¢/gal D.45¢ /gal
Jet Fuel 17¢/gal 0.4¢/gal
MNatural Gas 10¢/cct 0.235¢ /ccf
Propane /LT 12¢/gal 0.28¢ /gal
Typical Monthly Typical Monthly
Fuel Bill Increase® Increase**
Sweden's Tax Smail Tax
Electric £135.480 $0.32
WNatural Gas $22.53 50.53
Fropane $35.70 $0.84
(Gasoline $8.50 S020
Diesel $9.35 $0.44

* Typical monthly increase in fuel bill for a consumer in lowa if Sweden's carbon tax were levied in lowa.
ndustrial coal costs in fowa would increase by 5102 million/year
Residual fuel costs wouid increase by 32.125 million/year in fowa
= Typical fﬁﬂl’:ﬂ"li}’ increase in fuel bill for a consumer in lowa if a small carbon tax (40¢ /on CGE
emicied) were levied in fowa.



Funding Mechanism

This Action Plan is composed of a variety of energy efficiency measures to
reduce creation of greenhouse gas emissions through fuel consumption reduction
and by encouraging fuel switching, as well as a large number of renewable energy
projects. The proposed options are intended to make reduction of greenhouse gas
emissions in the most cost-effective manner for Iowa businesses and the people of

‘Towa. The programs summarized in this plan are largely voluntary in nature and
many have already been underway for several years, with measurable results in
terms of both economic improvement and reduction in greenhouse gas emissions.
The measures will improve the Iowa economy through job and market creation,
while acting to reduce health-related costs associated with pollution from fossil fuel
combustion, nitrogen contamination of water supplies from agricultural run-oft, or
control of odors and discharges from hog-confinement operations.

The nature and intent behind the propesed actions fit ideally into the legislated
objectives of the Resource Enhancement and Protection Program (REAP). Section
4554.15 (the code that establishes REAP) states:

“The general assembly finds that:

1, The citizens of lowa have built and sustained their society on lowa's
air, soils, waters, and rich diversity of life. The well-being and
future of lowa depend on these natural resources’

The REAT act further states, at section 453A.16 that

“It is the policy of the state of Towa to protect its matural resource heritage
of air, soils, waters, and wildlife for the benefit of presemi and fulure
citizens... The resource enhancement program shall sirongly encourage
Towans to develop a comservation ethic, and to make necessary changes
in our activities to develop and preserve a rvich and diverse natural
envirgnment.”

The potenital threats upon Iowa's natural resources posed by global climate
change require attention from a society built upon those natural resources. REATP
provides funds for programs similar to those set forth in this plan, including:
conservadon education, soil and water protection in high priority watersheds, tree
and native vegetation planting, roadside planting programs, acquisitions of unigue
natural areas (river corriddrs wildlife areas, park and recreation lands, cultural
resource sites), and development of wildlife management areas. All of these areas
of REAP focus can be enhanced through implementation of the optons presented
in this Action Plan.
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REAP was initially designed to be funded at $30 million per year for ten years,
but has never been funded to this level of commitment. Typical funding
authorizations have been in the range of $8-10 million per year. It is suggested that
REAPD funding be authorized to include an additional $5 million to fund the
Imeasures set forth in this action plan. With the structure of REAP including
activities in all 99 of Iowa's counties, the program is uniquely structured to provide
the Actin Plan measures with equal benefit to all Jowans.



Summary and Conclusions

It is the purpose of this Action Plan to prepare and analyze policy options for
limiting greenhouse gas emissions in Iowa and to estimate the costs, savings, and
emission reductions of such a program. Towa imports a large fraction of its energy
from across its border at a cost of more than $3.5 billion per year. Tt is a State with
large energy use (and concomitant greenhouse gas emissions) due to a continental
climate, intensive agriculture, and sparse population. Iowa can benefit greatly from
future energy savings and from limitng greenhouse gases. The state has an
opportunity to strengthen its economy while reducing carbon dioxide emissions.

The Iowa Greenhouse Action Plan 1s built on a combination of energy
efficiency programs and renewable energy initatives. This Plan includes a total of
34 options for reduction of greenhouse gas emissions (carbon dioxide, methane, and

nitrous oxide}, with 16 priority actions selected as the most cost-effective and easily
achievable. Costs, benefits, and funding mechanisms are discussed.

Implementation of the Priority Options in this Action Plan would ensure that
Iowa meets the goal of reducing its carbon dioxide emissions to 1920 levels by the
year 2000. In addition, a more ambifous program of Maximum Feasible Reducdons
(MFR) would produce a net deczeasze from 1990 emissions of 23.9% by the year 2010
(Tabie 18). It is possible to reduce CO, emissions under the MFR Flan by 34 million
tons/ vr, or 33.9% below the baseline emissions that are projected for the year 2010
Table 12 and Figure 17). Revenues required to enact this plan would be on the
order of 55 million per vear primarily to buy trees for the reforestation program, to
implement the revenue-neutral vehicle effidency rebate system, and to establish the
CO, emissions inventory. '

Energy costs will be saved by impiementation of this Plan. Energy efficiency
{performing the same task with less energy) comprises about one-third of the
emission reductions in the Plan. lowa spent 35 billion on 8§99 trillion BTU of energy
in 1990 which produced 80.5 million tons of CO, (from energy only). This is an
average energy cosi of 562 per ton CO, emitted. The total projected savings are 16
million tons CO5 by 2010 (Tabie 18), and one third of that is a reduction in energy
usage (the other two thirds from tarbon uptake and fuel switching). Therefore, a 5
million ton reduction of CO, emitred per year in 2010 would repressnt a savings of
$300 million per year. In addition, the State of Minnesota has evaluated the
environmental cost of carbdn dioxide emissions in the range of $0.28-82.92 per ton
of CO,. If the savings from avoiding emissions is taken as $2/ton, then the dollars
saved by this action plan would be an additional $32 million per year (each year).
Thus, the potential savings would be up to 8332 million per year, depending on the
extent to which the Priority Options in this Plan are implemented. The actual net
savings would depend on the total costs of implementing these programs. The
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cost/benefit ratio is difficult to quantify, but it is certainly beneficial for energy
efficiency options. In some cases, "who pays the cost” versus "who derives the
benefits" is an issue.

Iowa strengthens its econonty, creates jobs, and reduces. pollution when it
develops local energy resources and uses imported fuels more efficiently. Jobs are
created by increased competitiveness in manufacturing; the distribution, sales,
installation and service of energy efficiency equipment; and the diversification of
Iowa agriculture. Iowa is in an excellent position to become a leader in the
production and use of biomass and wind energy resources. Itis already a leader in
ethanol production from corn which has produced ~ 12,000 jobs, and it can further
develop wind energy, and switchgrass and poplar plantations as new commodity
crops for farmers.

Some important conclusions of the Towa Greenhouse Gas Action Plan are:

®  Emissions are projected to increase 18.5% in Iowa between 1990 and 2010
(baseline estimate). The national goal is to decrease greenhouse gas
emissions to 1990 levels by the year 2000, with further reductions
thereafter,

*  Greenhouse gas emissions have increased since 1980 in Towa because of
increased reliance on coal (greater CO, emissions per million BTU than
other fuels). Nevertheless, total energy consumption has remained
almost constant during the period 1980-1994. Energy efficiency and fuei
selection are the keys to bringing emissions under control.

* Ilowans emit 29 tons of carbon dioxide emissions per person per year, the
13th highest emitting State in the US. on a per capifa basis. All economic
s2ctors (industrial, commerdai, tesicental, and transcorration) need
umprovement, but the resicential sector is in special need of improvemen
due to a relatively old housing stock. '

.*  Between 1986 and 1995, there has beer a steady increase in energy
. effidency in lowa, as measurec by the value of the Gross State Product per
million BTU of energy consumption, but greater energy efficiency is
possible.

* lowa's agricultural education Programs and fertilizer reduction efforts
have saved $363 million for farmers sincs 1985 and reduced emissions by
10.2 million tons/ yr of COy-equivalents.

*  Reforestation of 1 million acres with native forests and poplar tree buffer
strips would sequester about 13.5 million tons of carbon dioxide per year or
~16% of total emissions by the year 2015.
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«  Various policy options shown in Table 18 demonstrate that it is possible
for lowa to meet the 11.5. goal of stable greenhouse gas emissions by the
year 2010, or even to reduce lowa emissions below 1990 levels by adopting
the Maximum Feasible' Reduction Options.

Funding for the Greenhouse Gas Action Flan could be obtained in conjuncton
with the lowa Resource Enhancement and Protection Act which states: "The
citizens of Iowa have built and sustained their society on Iowa's air, soils, waters and
rich diversity of life. The well-being and future of Iowa depend on these natural

resources.”
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TABLE 19
Summary of Carbon Dioxide Equivalent Emissions
Projected Under this Action Plan

2

CO, Emissions, miilion tons/yr

1590 7000 2010
Baseline B7 g3 100
Priority Option 87 86 4
Max. Feasible Reductions BY 50 64
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| Figure 17. Comparison of Future Greenhouse Gas Emissions by Scenario (million
short tons CO, Equivalent).
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Summary of Greenhouse Gas Emissions Baseline Forecast
CO, Equivalent Emissions (tons CO5)

TABLE A.lL.

for lowa

1990 1995 2000 2005 2010 vear% Notes
wrease
Fuel Combustion an,z30,000 83,552,790 87,604,480 91,371,473 95,500,445 £.30%% k|
Production Processes 6,333,928 6,233,526 6,333,925 0,333,724 £,333,926 TR IIL o]
Marural Gas & il Systems 507,800 512.A35 223,913 E£35,439 547,219 2.20% e
Croal Mining 3,366 1,683 g42 421 210 -50.00% d
Landfills 3,807,450 2,805,623 3,799,819 2,796,019 5.792.223 -0.10 ]
Domesticated Animals 8,254,048 5,558,230 8,572,414 B.5376,600 B,380,789 0.05% f
banure Managemert 2,554,557 2,595,589 2,597 187 21,598,486 2,589,785 0.05%
Fice Culdvation 0 ¢ 0 0 & 0.00%
Fectilizer Use 4,476,870 4,478,870 4,479 870 4,576,870 4,476,670 0.00% i
Forest Management/ -28,072,000 -28,4%8125 28973557 39357 420 29797782 2.00% i
Land-Use Change
Burning of Ag Crop Wasess 8,162,825 8,170,988 8,179,159 B 187,338 8,195,525 0.10% k
Wastewszter Treatment 45,473 £5,701 45,930 46,164 45,290 0.50% i
| Towml Emissions Sh.o4a0 121 G9.5UE 210 93010975  9p365,5i1  5R.575.0u0%

All estimates are educated guesses based upon reasonable expectations - no citatons are available

except where noted below:

Energy use as forecast by lowa Deparrment of Natural Resources, Energ}r Bureau
Assumed slight growh of producton

Par natursl gus consumpton estimates, IDNE Er
Cnnsmlmtly decreasing

Slight decrease due to exisiing/planned methane collection svstems & waste reduction trands -
offsetting population increases

Animal populadon estimated m show oniv slight growth

Animal populaton esimated o show ondy shght growth

Mo rice producton currenty, or anticipated

Trends show relatively consistent usags %

Trend taken from IDMNE Forestrv Keooo

Slight growth In acres pianted

Slight growth due to predicted population increases

Ereroy Buraau
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TAEBLE A.2.

Summary of Greenhouse Gas Emissions Implementing Priority Strategies for Jowa

CO, Equivalent Emissions (tons CO,)

o3

Est, 3-
1990 1965 2000 2005 2010 vear® % MNotes
nrease
Fuel Cambustion 80,530,000 81,997,610 81,903,965 B2,517.873 81,723,402 a
Proguction Processes 6,333,926 6,333,925 8,333,928 £,333,926 6,333,926 0.00% b
Matural Cas & T8l Systems 501,500 512,635 523,913 335,430 547,219 2.20% r:
Coai Mining 3,366 1,683 842 171 210 -50.00% 4
Landfiils 3,807,430 3,803,622 3,799,819 3,796,013 3792233 0% e
Domesticabed Animals 8,364,048 8,368,230 8,372,414 8,378,600 5,380,789 0.05% £
Manure Management 1,594 592 2,594,592 2,568,648 25172732 2,441 7535
Rice Culbdvaton 0 g i & g 0.00%
Fertilizer Use 4,475,870 4,478,870 4,476,870 4,454 486 4,432,101 1
Fores: Management/ -28,075,000 -28,917,250 -29,784,758 30,678,311 -31,598.560 3.00% i
Land-Use Change
Burning of Ag Crop Wasts 3,162,825 8,162,825 8,162 825 8,162,825 8,162,825 0.00% k
Wastewater Treatment 45 475 45,70 45,2230 45,160 46,350 .50%% 1
| Tom: Emessions 86,745,151 57,380,445 #6.404.381  B6.J61.052 A58 157 ]
* where steadv rate of increase/decrease is assurmed
Notes:
a  Reductions for 2000 and 2010 per sector analvses, 1995 and 2005 are taken as 35% of the respective
reduction value representing implementation ime and effectiveness.
b Assumed slight growth of production
¢ Pernatursl £25 Consumpton estimates, [DNE Inergy bureau
d  Consistently decreasing
e Slight decrease due to existing/planned methane collection systems & waste reduction trends -
offsetting population increases
[ Animal pepulaton estimated to show oniy slight growth
£ No change until 2000 then slightly increasing rates of savings (1% per five year periods, 2000-2010)
h No rice production currently, or antcipated»
1 No reductions estimated through 2000; one percent savings esttmated from 2000-2010
| Double current rates of reforessbon
& Nbogrowth in crop waste burmned
I Stight growth due to predicted pupuiation increases
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TABLE A3
Summary of Greenhouse Gas Emissions for lowa
Implementing Maximum Feasible Reductions
COx Equivalent Emissions (tons CO,)

1990 1995 2000 2005 2010 year %  Notes
NoTE3SE

Fuel Combustdon £0,530,000  B0,411,899 7FATS3ALY  Tee95271 72365090 a
Producton Processes 6,333,926 6,333,928 6,333,928 £,333,026 £,353,97 0.00% b
Maturat Gas & Cil Systems 501,600 512,835 523,813 535,459 547,215 2.20%% =
Coel Mining 3,366 1,683 B42 4Z1 210 -50.00%% =
Landflls 3,807,430 2,803,423 3,799, 819 a,7%8,019 3,792,223 = T0% &
Domesacated Animals B.364.048 8,358,230 8,372.414 B,576,600 8,380,789 0.05% f
banure Managemens 2,594 592 2,594.552 2,464 862 2218576 1,883,820 fix
Rice Culbdvaton 0 0 0 ¢ i 0.00% h
Fertilizer Use 4,476 870 5,476,870 4,476,870 4.253.027 £,040, 373 i
Fores: Management/ S2RO75.000  -28,495,125  -31,887,164  -33,681.736 -39,9327.863 11.90% I i
Landg-TUse Change

Buming of Ag Crop Wastes B, 167,825 8,170,988 8,179,158 B,157,338 8,192,223 0.00%% k
Wastewator Treamment 45,478 45,701 45,9340 44,160 45,390 0.5{% |

Toml missnons

Bir =, 151

EEBYEREE]

79.an;, ou

T

£2.530. 44 |

~where swady rate of increase/decrease is assumed

Reductions for 2000 and 2010 per sector analyses, 1995 and 2005 are taken as 35% of the respective

reduction value representing implementation time and effectiveness

Per natural gas consumpaon esamates, [DNR Energy Dureau

Slight decrease due to existing/ planned methane collection systems & waste reduction trends -

Animal population estimated to show oniy slight growth
% Gecreasa each five year period through 2010
Mo rice production currently, or anticipated
No reductions estimated througn 2000; on percent savings estimated by 2010
Growth by 11.9% each five vears (250,000 acres) after 1355

Notes:
a
b Assumed slight growth of production
d  Consistently decreasing
e
offsetting population increases
f
g Steady until 2000 then =
h
i
]
%

Slight growth in acres planted
Slignt growth due @ predicted populalion increases
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EXECUTIVE SUMMARY

In 1990, the General Assembly of lowa passed legislation dirscting the lowa
Department of Natural Resources (IDNR) to conduct aa inventory of gresnhouse gas
emissions from energy production and use activities within the State of lowa. The
ensuing report, released in January of 1992, detailed those emissions by employing
the best-available calculation methods to perform the estimation. As lowa was among
the first states to accomplish a study of this nature, anc no federzl quantification
effort had been undertakcn, the emission estimation methods were not fuily
developed nor were they universally accepted by the world community.

Recognizing the quantification difficulties faced hy the states, and the need for
generally accepted .emission estimation methods, the United States Environmental
Protection Agency (USEPA) developed a workbook for states 1o use in future
greenhouse gas emission inventory work. The methodology deseribed in the
workbook was developed from universally accepted techniques which were
presented by the Intergovernmental Panel for Climate Change (IPCC). Completion of
this inventory, conducted using IPCC guidance, thus provides lowa with a widely
accepted baseline level of greenhouse ges emissions which can be used to measure
the effectiveness of future attempts to slow the release of these emissions into the
atmosphere.

To further the study of greenhouse gas emissions emanating from the states, the
USEPA has developed a three-phase program, the Global Climate Change Outreach
Propram, which provides funds for conducting a thres-Phase approach to reducing
or mitizating cresnhouse gas emissions. Phase 1 is the standardized baseline
inventory., Phase II is the development of 2 state action plan for gresnhouse gas
emission reduction, and Phase III funds testing and evaluation of the methodologies
developed in Phase II.  This report is thus a function of Phase I of the program and
was developed using the Second Edition of the "State Workbook: Methodologies for
Estimating Greenhouse Gas Emissions.”

Analysis of per capita emission data for all 50 states shows lowa has room to improve
its energy efficiency, and the fuel mix uscd to mest epergy nesds. ‘While the most
encouraging statistic from this repor: is that the emissions per dollar of econemic
output have improved ({(decreased) substanually for the available peried oI record.
1985-198%, lowa continues to show poor performance in the residemtial and to a lesser
extent, industrial sectors. Jlowa ranks as the state with the EBth highes:t per capita
emission in the residential sector, and 16th highest per capita emission in the
industrial sector. lowa is 15th highest in total ensrgy-produced-C0, per capita.

A combination of improving energy efficiency, managing czarbon uptake through

reforesiation, and switching to cizaner burning remewable fuels forms a potenual
strategy for decrcasing net, grecahousc gases in the future.

DISCLAIMER
This document was prepared with a grant from the U.S. Environmental Proteciion Agency (EPA)

However, apy opinions, findings, conciusions, or recommendztions expressed herein are those of
the authors and do nor gecessartiv refiesy the view of the ERAL
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INTRODUCTION

The earth's atmosphere provides the planet with the capability to retain energy
input from the sun. This energy input manifests itself as hear. which maintains a
surface lemperature that is capable of sustaining life, The physical propertics of the
gases which copstitute the earth's atmosphere allow the almosphere (o be nearly
transparent lo incoming short-wave radiation. This radiation is allowed to strike the
earth’s surface and warm the planet, allowing photosynthesis to occur, and
providing the overall energy input that drives the continuance of all earthly life,
Those same gases also serve o trap the ourgoing long-wave radiadon that is emitted
from the surface of the earth during hours of darkness. This radiative cooling is felt
in the diurnal cycle as nighttime temperatures fall. The blanketing effect of the
atmospheric gases creates a positlive energy balance where outgoing radiation equals
incoming energy at a higher enmergy level. Thus this radiative balance maintains
the earth al a temperature much higher than would otherwise OCCur,

The warming effect caused by the radiative propertics of these gases, termed the
greenhouse effect, has been a long-accepted, and time proven scientific theory, It is
the expansion of this theory, which has been termed Global Climate Change or Global
Warming, that has been the subject of intense debate. The introduction of wvast
quantities of greenhouse gases from man-made (anthropogenic) sources is causing a2
buildup of these gases in the atmosphere which will eventually lead to increased
warming (IPCC, 1990). There have been measurable increases in the atmospheric
concentrations of greenhouse gases since the industrial reveolution and [1s associated
increase in total emissions of the gases. Proponents of the warming theory point to
average global temperatures that have been increasing over the past few decades,
including recent years which have been the warmest years ever recorded.
Oppenents of the theory argue that increases in temperature have besn due to
natural factors other than the accumulation of greenhouse gases.  Atltempts (o
simulate the reaction of the atmosphere to future buildups of these gases have
provided some rough insights into the potential for future warming. However, these
models are not yet capable of simulating all of the compiex processes which would
OcCCur In Jesponse lo greenhouss gas buildup, and are not capable of puiting a
definitive =ad o the debare,

The remainder of this inventory reper: will present the standardized emission
calculations performed for the State of Iowa which have been conducted per USEPA
guidance. The data will be presented 1o parailel the siructure of the USEPA State
Workbook.  An additional analysis is included, providinz some brief summary data
which indicates lowa's efficiency. A large portion of the emissions are derived from
use of energy sources, The energy datz relied upon for genmeration of this report
comes from the Energy Informauon Administration (EIA) which collects
standardized energy production. delivery, and ussge dawz for each of the 50 states.

THE GREENHOUSE GASES
The following descriptions of the areznfiouse gases are referenced from the USEPA

guidance document, "State Workhook: Methodoiogies for Estimating (reenhouse Gas
Emissions, Second Edition."”
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Carbon Dioxide (CO-). The combustion of liquid, solid, and gaseous fossil fuels is the
major anthropogenic source of carbon dioxide emissions. Some other non-energy
production processes {e.g., csment production) also emit notable quantities of carbon
dioxide. ({9 emissions a.rl: also 2 product of forest clearing and biomass buraing.
Almmphenc concentrations of carbon dioxide have been increasing at a rate of
approximately 0.5 percent per year (IPCC, 159Z), although recenl measurcments
sugpest that this rate of growth may be moderating (Kerr, 1594).

In nature, carbon dioxide is cvcled between varipus atmospheric, oceanic, land Dblotic.
and marine biotic reservoirs. The largest fluxes occur between the atmosphers and
terresirial biota, and betwesn the atmosphere and surface waler of the oceans.  While
there is a small net addition of COs (i.e., a net source of COz) from equatorial regions,
oceanic and terrestrial biota in the Northern Hemisphere, and to a lesser exteat in
the Southern Hemisphere, act as a net sink of COq (ie, remove more CO, irem the

.-iLmnsphers than they relsase) (IPCC, 1992).

Methane (CHg4). Methane is produced through anaerobic dscomposition of organic
marer in biological systems.  Agricuiturzl processes such as wetland rice cultivation,
enteric fermentarion in animals, and the decomposition of animal wastes emit
methane, as does the decomposition of municipal solid waste. Methane is also emitted
during the production and distribulion- of natural gas and oil, and is released as a by-
product of coal production and incomplete fuel combustion. The aumospheric
concentration of methape, which bas besn shown to be increasing at a rate of about
0.6 percent per year (Stesle et al, 1992), may be stabilizing (Kerr, 1994}

The major sink for methane is its interaction with the hydroxyl radical (QOH} in the
troposphere.  This interaction results in the chemical destuction of the methane
compound, as the hydrogen molecules in methane combine with the oOXygen in OH to
form water vapor (H»O) and CHy. After a number of other chemical interactions, the
remaining CHs turns imo CO which itself reacts with OH to produce carbon dioxide

{CO<s) and bhydrogen (H}.

Nitrous Oxide (N2J). Anthropogenic sources of No2O =missions inciude soil cuitivation
practices, especially the use of commercial and organic fertilizers, fossil [uel
compustion, adipic and nitric acid production, and biomass burning. ;

Halogenated Fluorocarbons, HFCs, and PECs.  Halogenated fluorocarbons are human-
made compounds that include: chiorofluorocarbons(CFCs), halons, methyl
chioroform, carbon tetrachloride, methyl bromide, and hydrochlorofluorocarbons
(HCFCs). All of these compounds not only enhance the greenhouse effect, but also
contribute (o stratospheric ozone depietion. Under the Moantreal Protocol and (he .
Copenhagen Amendments. which cortrol the production and consumption of 1hese
chemicals, the U.S. phased out the production and use of all halons by January L,
1994, and will phase out production of CFCs, HCFCs, and other ozoné-depleting
substances by Janwary 1, 1896,  Parflucorinated carbons (PFLs) and

hvdrofluarocarbens (HFCs), a family of CFC and HCFC replacements nol covered under
the Montreal Protocpl, are also powerful greenhouse gases.

Ozone (O3). Ozone is both produced and destroyed in the atmosphere through natural

processes.  Approximately 90 percent resides in the stratosphere, where it controls
the absorption of solar ultravioler radiation; the remaining 10 percent iz found in
the troposphsre and could play a significant greenhouse role. Though ozone is not
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emitted directly by human activity, anthropogenic cmissions of severa £ases
influence its concentration in the stratosphere and (roposphere.  For egxample, the
emission of chlorine and bromine-containing chemicals, such as the CFCs, deplete

stratospheric ozone.

Increased emissions of carbon monoxide, non methane volatile orpamic compounds,
and oxides of nitrogen have contributed to the increased production of tropospheric
ozone (otherwise kaown as urban smogl.  Emissions of these gases, known as criteria
pollutants, are regulated under the Clean Air Act of 1970 and subsequent

amendments.

PHOTOCHEMICALLY IMPORTANT GASES

Carbon Monoxide (C0O). Carhon monoxide is created when carbon-containing fuels

are burned incompletely. Carbon monoxide elevates concentrations of methane and
tropospheric ozone through chemical reactions with atmospheric constituents (2.2,
the hydroxyl radical) that would otherwise assist in destroying methane and ozone,

It eventually oxidizes to COa.

Oxides of Nitrogen (NOy). Oxides of nitrogen, NO and NQO3, are created from lightning,

blomass burning (both natural and anthropogenic fires), fossil fuel combustion, and
in the stratosphere from nitrous oxide. They play an important role in climate
change processes due to their contribution to the formation of ozone.

Non Methane Volatile Organic Compounds (NMVOCs)., Non methane VOCs include
Compounds such as propane, butane and ¢thane.  Volatile organie compounds
participate along with pirogen oxides in formation of ground-level ozone and other
photochemical oxidants. VOCs ars c¢mitted primarily from transportation and
industrial processes, as well as fores wildfires and non-indusirial consumption of
organic solvents (U.S.EPA, 1290).

i GLOBAL WARMING POTENTIALS {GWP)

Each of the greenhouse gases possesses a different level of capability to produce the
greenhouse effect, given a particular quantity of (he gas.  Therefore the '
international community desired a means of providing direct comparison of
emissions betwesn the various gases. To perform this comparison, the forcing
"capabilities of each of the gases were determined. and values were set which would
convert the effects of each gas into carbon dioxide equivalent units. Thus methane,
which is a2 more potent gresnhouse gas per unit than carbon dioxide, has a multiplier
of 22.  This multiplier says that 2 unit of methane can force warming 22 times
stronger than carbon dioxide. It is also importan: to remember thar the global
WArming potential includes both direc: effects of increased conesntrations on
lemperature, and the best-available scientific esumate of  indirect forcing.  Indirect
forcing can be exhibited through chemical reactions that lead 1o formations of
products which might add greenhouse  warming,
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Carbon Dioxide Emissions
From Combustion of Fossil and DBiomass Fuels

Carbon Dioxide (COs) emissions from combustion of fossil and biomass fuels were
calculated using data from the State Energy Data Report which Is published by the
Enerey Information Administration (EIA).  The Siate Enerzy Data Report derails fuel
usage for the United States and for individual states, reporting that usage by fuel
type and economic sector. Calculations for this sectivn are conducted in spreadshest
form. beginning with the consumption figures, in trillion Bru by fuel type. Toral
carbon content of each fuei is then estimated using a carbon content coefficient,
developed. by the TPCC and presented in Table 1-3 of the State Workbook. Esdmates are
made 1o predict the amount of carbon that is held in the materials which are not
compusied, such as aspbalt or road oif. and these factors are applied to the intal
carhon contsnt of the particular material. Nex:i the amournt of carbon oxidized
during combustion is estimated using the following data: 99 percent of carbon input
to combustion from solid and liquid fuels is oxidized, 99.5 percent for nawral gzs. and
90 percent for wood. Finally, we convert from tons of carbon to tons of CO2 to obtain

the total cstimates of emissions from fue! combustion in lowa.

The Towa inventory differs slightly from USEPA guicance in caiculating carboa
gmived from Imterstate Electricity Consumption. sincs it was not possibie to

determine tha exact mix of fuels used in out-of-state generation that was imported
into lowa. The ElA State Energy Data Report was used (o determine a national awverage
emission factor of carbon emissions per ensrgy consumed in electric generation,
based upen the fue! mix wuwsmd fur goucielon across the U.5. The same methodelogy
was utilized within the lowa data to calculate an annual emission rale per electric
geperalion using starewide utility inputs.

Estimates of biomass combusted in the state were obtained from the [DNR Energy
Bureau 1992 lowa Comprehensive Erergy Plan, 'Toward a Sustzinable Future'. No
calculations appear on the biomass estimates, however, due 1o their extremely small
nature. Some addidonal energy inputs have been ignorzd if they do not cause
greznhouse gases to be emiued (such as hydropower or nuclear electric generation}.
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Greenhouse Gas Emissions

Summary

SUMMARY TABLE FOR REPORTING EMISSIONS ESTIMATES, 1990

86

EMISSIONS [ -
{tons, an a2 EMISEIONS {CoOzd
SOURCE GAS full molecolary Cwe Equivalent)
- basiz) .
Fossil Fuel Combustion co2z [ so,530,000f 1 80,530.000]
Biomass Fuel Combustion CO2 MlAv 1 NiAv
Coz 6,333,92¢ | 6,333,924
Froduction  Processes N20 0y 270 i
PF s a4} 3,400 G
HFC-23 Of L0000 0
Matural Gas and Oil Sysiems CH4 22,3‘.}0‘ 22 501,600
Coal Mining CH4 5] 22 35364
Lzndfills CH4 193,085 22 3.311?,430[
Comesticated  Animals CHa 380,184 22 8,364,049
Manure Management CH4 117,93 22 2,594.55’2r
Rice Cultivation CH4 o] 22 0f
Fertilizer [se NIO 16581 270 4,476,870
iForest Management and Land-lse coz -28,075,000 ] -28.075,00
Change* (extremelv rough estimage)
coz 7,798,281 1 7,798,281
CH4 8,507 22 187,15 ‘
Burning of Agricultural Crop Wastes N20 6537 270 ITT,EQJ
) NO=x 22748 - |
') AT TEH enn-
Wastewater Trearment CH4 2,087 22 45.4?—=L
COZ 66,387,207 l 66,587,207
CHa 704,71 232 L5503, 864
MNZ0 [7,238] 270 4,054,280
Total Emissions N=x 23,744 - 0
KAlL sources, exciuding hiomass (] 297,753 -= CI"
fuels) PECs of 5.400 ol
_ ; HFC-23 0] 10,000 0
[PTAC T _cor equmvaienT Evions T op I N




Breakdown of Carben Dioxide Emissions
From lowa, 1390
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Iowa Energy Analysis

Energy consumption in lowa has besn relativelv stable since the early 1970s,
reflecting the combination of mostly sieady economic growth and, throush much of
the 1970s and 1980s, an offsetting decrease in population. Recent boosts in economic
acuvity and an upturn in population over the latest five vears are leading to an
increase in energy consumption and associated gresnhouse gas emissions.

| lowa Energy Consumption (TBtu)

A3 can be seen in the next figure. carbon dioxide emissions tend to closely parallel
the trends in energy consumption. Sines the mid 1970's. however, the ratio of
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carbon dioxide emissions per btu copsumed has been increasing.  Although new
electric power generators that are currently being installed are namral gas firad,
the aciual consumption figures coliected by ElA show a shift away from <lean-
burning narural gas and toward coal consumption over the past several years. in
ime this trend is expected 10 TGverse.

Per Capita Comparison of Growth Rates:
CcO2 Emissions vs. Energy Gonsumptian
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Per capita emissions of carbon dioxide from energy consumption have risen in
response to increased energy consumption. This alarming trend signals a shift away
from cleaner burning fuels toward the heavy fossil fuels, mainly coal. Changes in
fuel mix, like moving toward natural gas for electric generation, as well as
improvements in energy efficiency and reforestation efforts will all be needed to

overcome --this tread.

State Comparison Statistics

In order to provide a frame of reference for assessing the magnitude of Towa
precnhouse gas emissions esumeated in this inventory, a comparison has begn
caiculated using energy consumption data for the other 49 states and the Diswict of
Columbia. The following grapnics are intended to provide estimates of the relative
efficiencies found in eaca of the ecopomic sectors analyzed by the Energy
luformation Adminiswation. in the “State Energy Data Report. 15927 Direct
comparisons of per capita emission rages are made o provide a rough basis for
focusing fuwre efforts. It must be stated, however, that in some instances, direct
comparison of the data do not provide insight inio all possibie reasoms for a
particular showing. Demographics, for example, is a factor which piays =z very
important role in energy efficiency data for a stale or even a country. Are2as with
dispersed popuiations are likely to be less enerpy efficien: that highly conceatrated

areas such as New York City,

The rankings in the residential sector shouid be noted. Iowa has the Bth highest per
capita emission of carbon dioxide from epersy consumption. Relatively inexpensive
vtilities and old housing steck combine to produce less than effictent use of ensrgy
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resources.  The lowa industrial sector is ranked 16th highest in per capita carbon
dioxide emissions. The improvement in emissions per gross state product indicates a
growing efficiency in the industrial sector.  Further gains in efficiency will provide
emission reductions along with cast ‘savings and higher profits.

Surprisingly, lowa ranked only 39th highest in tramsportation  emissions per capita.
Iowa has an older vehicle stock, and with the rural nature of the szate. demographics
would push the state toward less efficiency in this sector, given longer travel
distances. The lowa transportation sector will be studied in more de:ail undsr Phase
II of the Global Climate Change Outreach Program.

Carbon Dioxide Emissions: 1990 vs. 1970

Analysis of carbon dioxide emissions by sector for two years, 1990 and 1970, indicate
that energy consumption has increased and shifted within the Iowa economy,
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Tawa D2 Emissions by Sector 1960 v 1970

19740 19%40
Residential 14.59 15,82
Industrial 23,96 16,87
Commercial 7.8 [0.45 :
Transportaien 15.9 17.87

In 1970 transportation emitted 26% of the total state emissions of greenhouse pases
{(from energy consumption)- by 1990, this number has decreased o 25%, despite a
large increase in the number of vehicles and the miles that those vehicles are being
driven. Az increase in efficiency in the transportation sector has a very large
incremental effsct on greenhousc gas emissions, thus making it an attractive secior
in which to influence the net emission of greenbouse gases in Iowa.
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Growth of the induswial sector has led to carbon dioxide emissions that are greater
than emissions from the residental and commercial sectors combined, Much needed
energy efficisncy gains in the residential seclor, 4as well as urban tres-planting and
reforestation programs, can be effective in reducing net emissions of greenhousc
gases and improving Jowa's standing reiative to other states,

lows CO2 Emissions by Sector 1870
Transposiation Hesidint:ai
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|
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The growth of the resdiendal sector contribution is also significant when you
consider that the lowa population has remained relatively steady, yet the residential
secior share of energy-driven CO2 emissions Bas increased from 22 to 24 percend
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The high rates of residenual cnergy consumption are also indicated by lowa's

ranking as the &b most emiting stawe residential sector per capifa.

Residential Sector Trends

Rapid increases in emissions of CUZ from the residential sector have beown slowed

since 1920, This is reflective of the surge of new home building, with tighter

efficiency standards, as well as the general efficieacy improvements brought about

by the energy crisis of the 19705,

lowa Residential Sector - Carben Dioxide From Energy Use
(million short tonaz CO2)
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lowa Resicential Semer - Carbon [iexsde From Energy Use
{million short tores COI)
1960 10,50

1965 132,22
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1985 15.24
19040 [5.42
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Commercial Sector Trends

The commercial sector has shown steady growth in CO2 emissions since 1960, but
remains the smallest of lowa's economic sectors.

lowa Commercial Sector - Carbon Dioxide From :nergy Use
(million short tonz CD2)
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lowa Commercial Sector - Carbon Dioxide From Energy Use
(mrlion shert tons CO7)

1960 5.45
Leas 6.23
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1375 .19
1284 9.41
1985 1.2
19949 10.8%
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Industrial Sectoar Trends

The industrial sector continues to be the largest emitter of Jowa's economic Sectors.
This is due to high energy demands of industrial processes, and the relauve
inefficiency of many of lowa's older facilitics. However, officiency bas besn gzined
in this sector as demonstrated by the decrease in emissions of COZ per gross stats

product.

lowa lIndustrial Sector - Carbon Dioxide From Energy Use
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Transportation Sector Trends

Emissions of CO? from the lransportation sector have besn relatively flat since the
inception of the CAFE vehicle mileage standards in the garly 1970s. The increasing
&fficiency of newer automobiles has acted to maintain emissions despite largs
increases in the number of vehicles and vehicle miles travelled.

l lows Transportation Sector - Carbon Dioxids From Energy Use
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Trends in Electric Generation

The eleciric generation secor in Jowa has been the fasiest growing gresnhouss gas
emitting sector of the lowa economy. Since 1960 the trend has been steady incroases
in emissions, with exceptionally fast growth since 1980. This is a reflecton of lowas
srowing dependence upon coal for electric generation.

lowa Elactric Generztion - Carbon Dioxide From Energy Usa
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Greenhouse Gas Emissions
From Froduction Processes

Industrial processes are not generzlly large contributors to grespnBouse 2as
emissions, other than to the extent that fuel combustion is wutilized in- the process,
This section of the State Woarkbook secks to estimate the iotal gresnbouse 22§
emissions from those few industrial processes that are known 10 emil greeahousc
gases. In general, the calcuiation consists of application of ar emission factor whaich
reiates emissions of the various greenhouse gases lo certain units of produciion, such

ag tons of cement produced.

Greenhonse (Gas Emissions from Production Processes, 1990

Total
Total 02 Total N2O Total PFC TWFL-Z3
FEmlission EmlisslonsEmissions Emissinns Emisslons

Process Productlon Units Factar Tonos Tans Tons Tons
Cement Productlon
Masoncw 15000 tons n.0zZ24 134
Clinker 2,120,000 tens 05070 1074 8B40
@Mitrle  Acld {tons Q.uoss o
Production
# Adiple  Acid {ions T.3000 0
Praoductlon
Lime Manufactiure 2,750,000 tons 7850 2,158,750
Limestone Use
Calcite 15.000.000 tons 3.13200 1800000
Dolomite 10000000 tans 01300 1,300,000
Seda  Ash
Manufacture
E= Trona Froduction {tons 0.0974 0
@ Soda Ash Cossamprion O tons D150 a
Carbon Dioxide 418500 tans 1. 0000 2
Manufaciare
# Primary Aluminum Jtons 00006 \F:
Productilon
# HCFC-22  Productlon [ions Q.04 00 g
G.353,926 i 0 1]

Tatai Emissions

(& Acavity is known 10 pocur. bul cata werd A0[ avarlzale.
g It is not kmown thal acuvily ocours

# It is known (hat acuvity does ol oSTur,

Methane Emissions From
Natural Gas And il Systems

The State Workbook provided methodology for estimating methane emissioas that
were derived from crude oif and nawral gas prodection, tramsport, and oil refining.
Since the State of lowa does not possess oil production or refining, or natural gas
production.’ only an estimate of emissions from natural gas transport has been
completed. Total state natural gas usage is determined from the Enpergy Intormation
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Administration, State Energy Data Report, and is then multiplied by an emission
factor developed by USEPA.

lowa Methane Emissions from Natural Gas and 0Oil Systems, 1950

Matural Emission Factar Emlssians
Gas
Consumed {lhs CH4/MMBin) (Mllllen tons CH4)

MMBtu Low High Medlan Low Hlgh Median
224,500,000 0.13230 0.27388 (.20309 0.01485 0.03074 002280

lows does not preduce oii or pas, and thers i5 o refining capacity in the state, thers{ore the

nelural gas consumplion
fgures are the only calculations made hers.

Methane Emissions From Coal Mining
The State of lowa was once a substantial supplier of coal, however, the current
production rate of coal continues to decline. Current mining operations ars surface

mines which in 1990 produced 381,000 short tons of coal {from 'Coal Data’, by EIA,
February 6, 19953,

lowa Methane Fmissions from Coal Mining, 19320

Emlssiens Coefficient Methane Emitted

Coal Production effton milllog ef -
methage
milllom  shart Low High Low High
toms
Underzround 0,040 MiA NiA Q.00o D.000
Mlnes
Surface Mines 0.38% 3 10 [.143 1810
Post-Minlng
Underground 0.000 Mia Mia 000 0,000
Surface 0.381 10 16 3810 50948
Total 4,953 E=Tal
Average 7.430
~Hecavered GG
Total {(mi T30
ci
Tatal (lons) 151.4035

Coal preduciion data 2ee from the Eaergy Information Administation, 'Coal Dam'
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Methane FEmissiens From Landlills

Estimates of emissions of methane from Jowa landfiils were accomplished using State
Workbook methodologies and data coliected from the [owa Department of Natural
Resources, Waste Burcau, The data collectsd are from calendar year 1250, which is
the chosen baseline year for this siudy.

The first step in calculating emissions of methane from Jandfills in thes state is (o
estimate the amount of waste-in-place, which USEPA has defined as waste (hat has
been put into place over the past thirly years. Although wasie generation and
landfill data are not available for lowa landfiils for years prior to 1338, the current
figures of 1990 were used to esumate waste-in-place per the USEPA methodology.
This methodology is to take total waste landfilled in the state in 1990, multiply by 30
years, multipiy by a wasie generation rate (wasle.per capita) for 1990, apply the
fraction of waste landfillad, and then finally apply a population correction factor.
The population correction factor takes into account population growih rates over the
previous thirty year pericd, as well as the changes in per capita waste generation
gver the same period. Since the lowa population is essentially the same in 1990 as it
was in 1960, this factor was estimated to be neariy one (0.99).

The next step in the calculation of methane emissions from landfills is to de:ermine
the amount of waste in place in large landfills versus waste in place in small
landfilis. A large landfill is defined in the State Workbook as having aver 1.1 millien
tons of waste in place. However, using the limited Iowa datz, an alternative USEFA
numhber is used to determine the number of large landfills in Jowa. That guidance
states that landfills receiving in excsss of 100 tons per day are classified as largs
landfills (from conversation with IDNR officials).  All others were assumed to De
'smail' landfills for this study,

Methane emissions are estimated for both small and large landfills using the
formulae provided in the workbook for nmon-arid states. (Siace Iowa receives an
average of over 25 inches of rainfall per year, it is considered a non-and staie). Once
total methane emissions ars estimated from these municipal solid waste landfills. 2
fraction, seven perceat. is assumed lo also emanate from industrial landfills. ftor
whicn thers is no state-maintained data. This seven perceat is added to the total
methane from MSW that was culcufaced eariier.

Ths final step is to account for methape that is flared or recaptured.  Only two
tandfills in Jowa are known to be currentdly recapturing or fiaring their landfill gas.
The Cedar Rapids landfill and Polk Couanty landfill are recapluring biogas, however, it
is believed that recapture was not taking piace doring the 1990 baseling year ior Polk
County. Recaptured biogas from Cedar Rapids is esumated w be 500 million cubic fest
per year and is provided to a nearpy power plant




fowa Methane Emissions from Landfills, [%90

1990 TLandfll Inpuiz
Large Landfills 1,290,141
Semall Landfills 797,680

TOTAL Taonnagelyr I.0ET B11

Larpe % 618

Small % 18.2

1990 Ipwa Populalion 2.BT2.000

Waste Per Capita 1990 &3 ibs/person

. ~day

Total Waste Geoerated 2,208,717 tans/year

Percept Waste Landfilled, 1990 o4 .6

Annual Growth Factor (.99

Waste In Place = W * 62,008.2% tons wasle in place
4

* ‘Waste in place = 30 yrs ® populadon " per capita wastefyr * % landfilied = growth fzesor / 2000
Ibs/ton

W, Small Landfills 237 mil 1ons
W, Large Landfills 3253 mil tons
Wi, Avemge Size Lerge Londfill 2,554,741, tons
3
MNumber of Large Landfills 15.0
dechane Emission Caleularions (Mon-Arid Low AVE High
Conditiens) .
Emall Landfills 0.35 = W+ 20% 6,632,406 5290508 9948608 cu ft CHa/day
Large Landfills M o= (419000 + 0.26 13811217 16,248,491 18,885,765 cu [T CH4lday
Wal + 5%
Gaz Recaprured L36%,863 1.369.863 1369862 cu It CHda/day

Methane Emissions (lons/vearn)

Small Landfills +1,247 G54 050 76,870 on CHdlvr
Large Landfills 1067146 125,548 t44, 380 wn CHayr
Tetal Methane M3W Laodfills 157,963 LE%, 606 331250 ton CHdsvr
Total From Industrial Landf3lls 11.057 13,272 15,488 ton CHd/syr
Taotal 169,020 20I.879 236.738
Adjusiment from Flaring/Recovery 10,585 10,585 10,585
Adjustment for Oxidation .30 G, G0 20,00 percent
Total NET METHANE from Landfiils 142 507 173.085 203538 wn CHalyr
Total MMTCE 1.9963 1.423% 0 1.3395 MMTCE

Data From the lowsz Deparmment of :Mawral Resaurces
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Methane
Domesticated

Emitted

From
Animals

Estimates of methane emissions from animszls have heen conductzd in accordancs

with the direction of the State Workbook.
year of 1990 were obtained from lowa Agricuitural S

the U.S. Department of Agriculture {USDA) and the
Some  acdditional data were derived from the

and Land Stewardship (IDALS).
Census of Agriculture’ published by the U.S. Department of Commerce and wsed to

approximate

1280 numbers.

latistics, a

Animal population data for the baseline
cogperative office of
lowa Department of Agricultures

992

1950 Mathane Ertissions frem Livesiock (Tons Methana)

Herses
0.28%

Sheep
1.13%

v n  L30Aats
Pigs o e

S.80%

Beaf Cattle
79.14%

Cairy Caille
13.55%

19t Methane Smistons [fem Livesiock

[Tena Mehiane)

Dairy Cattis f1.5210
Goata S8
Beef Carle I0087T3.8
Shesp 4317
Pi_g; 27444
Horzza 383.4

Calculations are conducted by multiplying an emission factor by the number of head
of each animal category that contributes (o methane emissions.

fully present

the calculations,

The following tables




Methane FEmissions From Domesticated Animals
(1990 populations)

Pounds Total Tatal
Anlmal Head CH4/head/yr Ibs CIH4 tons CH4
Dalry Cattle .
Rep 0-12 0 240.7 0.0 2.0
Rep 12-24 120,000 240.7 28.834,000.0 14,4420
MMature Cows 308,000 240.7 74,135,600.0 37,0678
beel Cattle
Rep 0-12 o 130.9 0.0 G0
Rep 12-24 153,000 130.9 20,280.500.0 10,144,
bature Cows 1.122.000 1309 146, 869,800.0 734549
Weanling : S15,000 130.9 119.773.500.0 59,5858
Yearling 1,170,000 130.9 153,153,000.0 T8.576.5
Bulls 1,235,000 130.9 151,661, 500.0 B0.830.8
Sheep 490,000 17.6 §.624.000.0 4,212.0
Coats 11,784 11.0 129.624.0 B §
Plegs 13,800,000 3.3 44 BE0.000.0 234200
Horses _ 47,681 ig.s [.EBE.167.5 L
Mules/Asses 1.619 48.5 785215 a8.3
TOTAL JE0L1E3.S

Dala fram Iewz Department of Agriculture and Land Stewardship

Methane Emissions From
Manure Management

Anaerobic decomposition of animal waste results in formation of methans. Manure

management techniques, such as lagoon or pit starage, 2lso have a =trong effect on
tne amount of methaae thal is Zensratad.
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[ewa 1990 Mathane Emissicns from Manure Management

Poultry Sheso

; Q173
1.45% ! Cattla
. 12.51% |

Pigs
a5.83%

[owa 15890 Methane Emissions from Manure hfanagzment
(Sher Tens Methane)

Cattle 147048.4
Fips 102314.9
Poultry 17727
Zheecp anT.a

The calcuiation is conductsd using animal population data obtained from lowa
Agricultural Statistics, and from the '1992 Census of Agriculture’ published by the
U.S. Department of Commerce. The population of cach type of cattle. swine and
poultry, as well as horses, mules, shesp, goats, and donkeys, are muldplied by USEPA-
provided smission factors to estimate the total amount of wvolatile solids produced. The
prevaience of manure management systems was then estmated from USEPA datz 1o
detsrmine tons of volatiie solids managed under cach type of system. Another USEPA
factor is then used to convert pounds of volatiie solids into cubic fost of methane
reizased. - Calculations are presented fully in the following tables.
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Methane Emissions From
Flogded Rice Fields

There is no rice production in the state of Towa that would result in . methans
emissions to the atmosphere,

Emissions from Agricultural Seoil Manpagement

Estimates of emissions of Nitwous Oxide (N2Q) are mads by collecting nitrpgen
fertilizer application data and performing a mass balance on the nitrogen conlent
The fertilizer application data was collected from the lowa Department of Apriculture
and Land Stewardship (IDALS) for three years, centered on the baseline year of 1990,
This was done to minimize year-to-year variations in fertilizer application.

The total amount of nitrogen applied. by each fertilizer type, is calculated [rom the
IDALS data and an emission facior of 0.0:117 pounds of NpO-N per nound of nitrogen

is calculated. A molecular weight ratio 1s then applied to estimate nitrous oxide
emissions. The calculations are fully presented in the following table.
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Nitrous Oxide Emissions From Iowa Fertilizer Usage, 1990(ave)

Total N2O-N NZIO
Avg  Topsfyr Nlirogen Mitrogen Eg_isslnns Emlssions
'8p."91 = lons taons tons

Anhydrous Ammonia 634 B70 B2 520,583 6,090.9 9.571.5

Ammeonitm  Nitrate Z6.401 33.5 B, 844 103.5 1636

Ammanittmm  Sylfars 8,500 21 870 21.9 344

Ammonivm  Thiosulfate .44 14 1,181 13.8 17

Urea 176,7< 46 81.304 951.3 1.494.8

Mitrogen Sclution 28% 511,608 25 143,250 1.67a.0 16338

Nitrogen Soiution 0% 1,544 340 483 54 8.3

Milrogen Solution 32% 159,098 32 50,911 5957 936.0

Ammonium Pﬁusphatns

U8-24-00 liquid 2.718 R T a1 14.3

10-30-00 liguzd 13,187 10 1.01% 11.9 18.7

10=34-00 liquid 43,735 10 4,274 50.G T2.6

11-37.00 1131 I1 124 1.5 2.3

i1-32-00 dry 27474 Lg 9,827 112.6 1746.9

18-46-00 dry 398,599 18 Ti.748 B304 13191

Triple Super Phasphate 6,380 0 n 0.0 .0

Phosphoric  Acid 1,541 4] 1] 0.0 0.0

Muriate of Porash 688,779 0 ¥ 0.0 u.o
Mixtures and Suspensions

02-06-35 suspens 18,828 2 377 4.4 5.0

03.09-27 1,527 3 4 .5 0.7

03-10-30 suspens 36,857 3 806 9.4 4.8

04-10-10 liguid 3,823 + 154 1.8 18

" 06-18-06 Tiguid 1857 5 159 1.3 z0

G7-21-07 liquid 19,200 7 1.358 152 250

07-23-05 Liotid 1,769 7 2444 el el B

D9-18-09 liquid 4.529 s 435 51 B0

05-20-35 dry Lels 3 gl oo 5

D6-24.24 dry 12500 a Tz 5.5 135

O8-32-14 dry 4,088 B 3x7 b1 4.0

09-23.30 dry 6577 9 iqz a9 .2

10-20-20 337 10 1dq 0.4 n.s

10-26-26 dry 1.744 1o 174 2.0 3.2

23-09-12 dry [.o82 23 354 4.1 6.7

. 20-10-10 ; 2T 20 T4 t.9 [ .4

Totals ’ 16,580 9

Fertilizer zpplication dara from lawa Deparrmen: of Agriculture and Land Stewardship
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Greenhouse Gas Emissions From
Forest Management and Land-Use Change

Attempts at caleulating net carbon dioxide emissions from forest managemenl and
land-use change were fruswrated by a lack of information and questions concerning
applicability of calculation methodologiss to lowa conditions. The table that follows
is a brief summary of the calculation of nmet carbon stored in woody biomass growth.
balanced by timber harvest and fuelwood consumption. The figures are presented

for cursory examination. Their accuracy are in doubt at this time.

It is believed that reforestation will be a2 major mechanism that will assist Iowa in
reaching a net balance of carbon emissions. Perenpial biomass (iress and grasses)
have a greal advantage over row-ciop annual agriculture, in terms of gresniouss
gas emission balances, because they do not disturb the soil to the same extent and
thereiore decreasing soil respiration and release of C02. Crops of woody blomass
could be managed to accumulate carbon, of as a non-fossil fue! source. In addition.
planting of trees or other woody crops can have ecological hensfits over row-crop
agriculture by restricting runoff, controlling soil erosion, and providing habitat for
native wildiife. It is hogped that further investigations will provide Iimproved
quantification methods for woody crop impacts on gresnhouse gas emission palances.
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Greenhouse Gas  Emissiens From
Burninzg of Agricultural Crop Wastes

Data on crop production for the bascline year of 1920 were obtained from the office
of lowa Agricultural Statistics. :

Carban Equivalent Emmissions By 3raenhouse Gas, Buming of Ag Wastes
(Tansh

RS wég%%"" ' T
t s i '

N2o [oobiiis i

CH4

9] SCO00C0 1000GC0 150400030 2000000 2500040 |

Carbon Equivaiest Emissions By Greennouse Gas, Buming of Ag Wastes (Tons)

COL 126804
CH4 1871359
MNIO 177389

Crop production was then converted to units of weight produced. followed by
estimation of carbon and mitrogen that is costained in the dry matter that is burned.
Dry matter conteat by crop is provided by USEPA. Carbon contents and
nitrogen/carbon ratios are also provided by USEPA in the State Workbook. Emissions
of carbon dioxide, carbon monoxide, nitrous oxide, oxides of niwogen are then
estimated using release faciors provided by USEPA. Final emission numbers arc then
converted from units of carbon or units of nitrogen to full molecuiar weights for
each pollutant type. Caicuiadons are presented fully in the following tables,




lowa Emissions from Burning of Agriculiural Crop Wastes,
1990 (avg)
Res/Crop TResidge Dry HMatier Fraction Dry matrer
Crovo Bushels Panonds Ratlg Huarned %) {%1 =_ Burned (%) 1hs DM
Carn 1,478,433,333 82,792,246, 648 1.0 14.0 RE.D 93.0 6,775,719.102
Wheat Z.788,333 167,299,980 1.3 10,0 2I.1 93.0 [5,426,4073
Oars 38,683,333 1,237,866.656 1.3 10.0 90.5 3.0 135,590,713
Sovbeans 333,478,313 20,005,699 980 2.1 10.0 Ea.7 3.0 3,465.609,414
Serghum 368,516 22,110,960 .0 [0 20.0 | 3.0 14,505 499
Barley 357,287 17,149,775 I.2 10.0 90.4 93.0 1,730,179
Eye 42, 014¢ 2.744 T84 1.6 10.4 q0.0 931.0 387,581
Beans 3,211,800 2.4 19.0 23.7 53.0 $56.584
Potataes 21.033.333 0.4 10.0 Be.7 23.10 GTE, TS
Carbon Fraeection Tatal ¢ Tatal CH4
-Crop Content Total C Ozldized Cxidized Ihs N/C Rutlo Mitrogen Emissions CH4  Emitted
% C/DM Burned ths € (@) coz. lbs M/C Rel. (lbs N} Railo tors  CH4.0
Corn 47,1 3,190,586, 125 S8.0 L,807,203,790 0.0172 48,294,235 0.0a3 4.211.7
Wheat 45 5 2,243,333 58.0 T.B69,253 0.0gaz2 54,528 0.0032 1.8
Crats 48.5 65,801,833 B30 37,005,700 Q.0144 E353.8a7 0.003 a4
Sovbeans 45.0 1,559,524 2135 E&.0 [,372.3d41,3728 0.OF1I 70,128,555 0.043 2,038.5
Serghum dE.5 T.185, 109 320 6. 372 898 B.a17s 110,651 0.onz 2.5
Bartey 45.7 799,173 E8.0 695,352 0.0026 L, EQ2 0,003 .o
Ry= 485 178,387 8E.0 156.%81 D.0144 1.26( 0.003 3
Eeans 45.0 150,372 38.4 220,328 b.Oof11 11,259 0.043 0.3
Potaroesx 42.3 285,881 4.0 252,280 0.02640 6,555 0.403 0.4
cCo cCo W20 Nazo NOx NOx
Crop Emlzclans Emmisions Emissions Emlitted Emissians Emitted
Ratin tops CO.C Ratlo tans NIO-M Ratlo Tons NOx-N
Corn 0.06 i34 0.007 169.03 0.121 2.931.80
Wheat 0.08 23e 0.0o7 ] d.121 .90
Oats 0.06 737 0.007 2.82 0121 50.45
Sovheans .06 11,171 0.o007 212545 o.1z: 4.242.79
Sorshum .08 17| a.0a7 0.39 0,121 6.68
Barley 0.05 24 1,007 0.01 0121 0.11
Eve 0.06 3 0.007 0.0t 0,127 0.14
Baans 0.04 7 .0a7 0.0 2121 0.68
Fotaloes 0.08 i 0.007 0.0 f.121 .40
152




fete CO2 Carban Total CH4 Carbon Tatal N2O Carbon Total CO Tetal NUX
rop Emisslons Egquivalent Emlsslons Egquivalent Emissions Equivatent Emissions Emlsslons
tons  CO32 tons tons  CTH4 tons © E  toms MNiIO  tgems C E tans CO tows NOX
Carn 5,147,640 [.403.502 5.,615.8 125,543 I65.6 TETLESD 196,546 260062
Wheat 14,427 3.933 15.7 146 0.4 5.8 551 123
Dats 106,180 28,953 P15.8 2.5438 4.6 1,238.3 4,052 LE5.8
Soybeans 2,516,032 GR6,191 2.744.8 60,383 IEE.T fod, 14001 F6.087 13.540.0
Sorghum 11,592 3161 11.6 174 0.6 1643 a4z it o}
Bariey 1,275 148 1.4 30 0.0 2.7 L9 9.4
Hye I28 T8 a.3 1 2.0 3.4 18 0.4
Deans 4 0 d 1o .4 10 0.1 16.7 ] ftd
Potatces 4563 126 .5 11 0.0 9.7 13 3
Total 7.79E8.231 2,126,304 8,207 187,159 657 177,589 A9T.TED 13,746
Tatal Carbon TFEgqulvalent Emissions 1.4214MMTCE

Crop produstion data from lowa Agrcuitural Slalstcs

Data for Sorghum, Barley, Rye, Beans, and Potatoes are avenipes of 1987 and 1992 data.

Methane

blunicipal

Fmissions of methane from wastewater treatment have be
General figurss for bicchemical oxyge:

Waorkbook methodology.
This emission

were provided by USEPA on a per capita per day basis.

Emissions
Wastewater

From

applied to the 1990 populaton to calculate wal BODS.

emission factor to convert BODS5 treated anaerobically to methane.
tewater lreatment was performed anaerobically,
generated was then recaptured for flarinz or energy uscs.
and the 20 percent figure

that 15 percent of all was
percent of that methane
The 15 percent figure is a crude USEPA-provided estimate,
for recaplure

needs

further

investgation.

en estimated using the State
demand (BOD3)

factor was thuen
USEPA also provided an

Jowa Methane Emissions from Municipal Wastewater, 1950

Westewnler

[t was estimated
and that 20

EOD Methan
Generallom BLD CluanrLly of Emistiae
Rare lbn BODY Gamersied Fraclilen EO0 Tresmied Facter IIihs CHA Mrehane el CH4
per  peETIGE  pEL {lba Ammtrobleally Anasrablcally CH+/Mb Emisalens Recavered Emigalond
Papdialian day BOODE et Trewied 1 (ke BOOS vt EXaReE A ffh-:n'CI'!d-‘ll’lhi."ﬂ'F_’-i'nl’ﬁ?ﬂf LH4r
3,812.000 1254 139 I77 % iy e 4TH. 5459 [ 4 EQ2 52% j1% 549 15835

Default Vaives used for BODS Genemation mawe and fraction anasroiically treared

Preliminary
Greenhouss

Analysis

{Gas Emissions

“of

From

Ethanel

This simple analysis only presents the impact on greenhouse gas €

transportation sector of using ethanol as a substitute
production and delivery of these

emissions of gresnhouse gases OQCCUITING during

Lal

for gasoline,

missions from the
Although



fuels are believed 1o be significant. no atlempt iIs made to quantify emissions that
occur during production of either ethanol or zasoline.

The values presented in the graph below are emission factors for carbon dioxide
generation from fuel combustion for ethanol (0.076 tons CO;’!MMETL’}, gasoling
(0.6777 tons COZ/MMBTU) and diesel fuel (0.0799 tons CO2MMBTUY.

Unit Emission Rates for Transportation Fuels
tons CO2/MMBTU

- Ethanal . Gascline ' Die=el Fuel

CONCLUSION

The methodology presentcd in the State Warkbook is a large improvement over
tstimation lechnigues that were availahle as little as three years ago. The
international acceptancs of the estimation methodology makes it possible to have
confidence that lowa policy makers will be provided clear, consistent information
from which to work and to gauge the success of particular effarts.

Despite the valuable improvements made in estimation techniques over recent years.,
there still remain 2 few areas for which poor data should be pointed out, becauss they
may in fact be significamt contributors (g the equation governing the ner balance of
grezmhouse gas emissions. The firsy is the relative lack of dara copcerning carbon
séquestration by annual crop production. It may be possible that carbon and
nitrogen uptake by the growing plants could etfectively seguester a large portion of
W€ emissions calcuiated within this report, greatly altering the balance of emissions
on an annual basis. The second area of some concern s the difficulty with which
estimates of gre=nhouse gas emissions are made from industrial processes as well as
emissions of nitrous oxide and methage ffom combustion. Lastly, mare in-depth
analysis must be camied out o determine the impact of agriculture and woody
biomass growth upon the net balancz of Iowa Ereennouss pas emissions.
Energy consumption is fla since [980 but statewids CO2 eMmissions are up due 1o
increased coal combustion {wnich is more potluting than alternative fuels).

Carbon dioxide emissions per dollar of Gross State Product have decreased from 1985
indicating increased energy efficiency.

Iowans emit 29 tons of carbon ::i_iux:'de per persom per year.

Addressing energy consumptlion patterns likely holds the key to cost-effectively
dealing with the emission of -Ereenhouse gases,

The best strategy is to seek greater methods of emergy efficiency in all economic
seciors  (industrial, commercial, ransportation. residential, and utility).
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Reforcstation needs to be examined for its potential to sequester carbon dioxide
emissions while providing other environmental benefits (wildlife habitat, erosion
control, greenbelts, otc.).  An additional strategy is io decouple greenhousec gas
emissions from energy consumption, by relying more on rerewables {wind., blomass,
solar, and hydropower) and nuclear power if problems with nuclear waste dispesal
and public acceptability can be solved.
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Appendix C

State Comparison Statistics




State Comparison Statistics

In order to provide a frame of reference for assessing the magnitude of Iowa
greenhouse gas emissions estimated in this inventory, a comfrarison has been
calculated using energy consumption data for the other 49 states and the District of
Columbia. The following graphics are intended to provide estimates of the relative
efficiencies found in each of the economic sectors analyzed by the Energy
Information Administration, in the "State Energy Data Report, 19927, Direct
comparisons of per capita emission rates are made to provide a rough basis for
focusing future efforts. It must be stated, however, that in some instances, direct
comparison of the data do not provide insight into all possible reasons for a
particular showing. ‘Demographics, for example, is a factor which plays a very
important role in energy efficiency data for a state or even a country. Areas with
dispersed populations are likely to be less energy eificient than highly concentrated
arezs such as New York City. :

The rankings in the residential sector should be noted. Iowa has the 8th
highest per capita emission of carbon dioxide from energy consumption. Relatively
inexpensive utilities and old housing stock combine to produce less than efficient
use of energy resources. The lowa industrial sector is ranked 16th highest in per
capita carben dioxide emissions. The improvement in emissions per gross state
product indicates a growing efficiency in the industrial sector. Further gains in
efficiency will provide emission recuctions along with cost savings and higher
profiis.

Surprisingly, Towa ranked only 39th highest in transportation emissions per
capita. Iowa has an older vehicle stock, and with the rural nature of the state,
demographics would push the state toward less efficency in this sector, given longer
travel distances. The lowa transportation sector will be studied in more detail uncer
Phase 7T of the Global Climate Change Outreach Program.
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